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FOREWORD

This investigation was undertaken an a part of a comprehensive program
directed to the development of food packets to be carried by the combat
soldier during periods in which resuppli in impracticable. The necessity
for reducing the volume as well as the weight of component foods together
with the packaging ,ifficiency from geometrically regular modules, point to
the advantages of compressing or otherwise compacting dry foods into dense
bars. Developments in bar technology, such as the use of freeze dried foods,
special compression procedures and use of high caloric binding agents
favorable to desirable physical and organoleptic properties, point to the
suitability of such bars not only for combat food packets but also for
other operational rations. This investigation was undertaken in recog-
nition of the growing significance of novel types of food bars in
operational rations and the many problems attending the development,
fabrication, testing, ;nd ultimate procurement of these bars. It is highly
desirable that the essential characteristics of compacted food bars be
identified and described by values obtained from objective measurements.
Only through such measurements can precise and reproducible values be
assigned to significant properties, for example, hardness, stickiness,
cohesiveness, and disporsibility in water. Objective measurements will
also provide a sound basis for definitive requirements in specifications
and for improved inspection and quality control procedures. It is the
primary objective of this investigation to identify objective methods suit-
able for describing significant physical, chemical and microbiological
characteristics of compacted food bars of varying types and compositions.

This report describes work performed under contract DA19-129-AMC-130
in the Food Technology and Nutrition Section of the Biological Sciences
Division at the Midwest Research Institute, 425 Volker Boulevard, Kansas
City 10, Missouri. Dr. Eugene R. Morris served as Official Investigator
with Glenn Chaplin, Emil Werly, Barbara Kenagy and Audra Calhoon as
Collaborators.
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ABSTRACT

Objective methods are described for determating specific physical,
chemical and microbiological properties of compressed food bars. The
suitability of these methods was demonstrated by application to fresh
and aged (3 months at 1000F) bare prepared from meat, fruit, cereals,
vegetables, and dairy products and which represented broad concentratLon
ranges of moisture, fat, protein, carbohydrate, and common approved
chemical additives.
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OWJNCTIVE TESTS FOR USE IN TH TEVKCE)WGY OF COMPRESID FOODS

SUMMARY

The objective of Midwest Research Institute Project No. 2709-B,
"Objective Tests for Use in Technology of Compressed Foods," was to de-
velop analytical procedures by which the physical and chemical character-
istics and the microbiology of ccnpressed-dehydrated food bars may be
quantitatively described. The work was performed under Contract No. DA-

19-129-AMC-130(N) for the U. S. Army Natick Laboratories, Natick,

Massachusetts.

Objective analytical procedures were developed for quantita-
tively describing the following characteristics of compressed dehydrated

food bars:

Physical characteristics:

1. Density

2. Porosity

3. Shear and hardness

4. Impact resistance

5. Dimensional stability

6. Cohesiveness

7. Stickiness

8. Dispersibility in water

9. Water activity at 25"C

10. Elasticity

11. Permeability to gas
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Chemical characteristics:

1. Moisture content

2. Free lipid and bound lipid content

3. Reducing sugars

4. pH

5. Water-soluble fraction

6. Equilibrium relative humidity curve and rate of equilibra-

tion to 40 per cent R. H.

7. Rate and amount of gasujus oxygen uptake

8. Changes associated with oxygen uptake

9. Changes associatý_I with browning reaction

Microbiology:

1. Total aerobic plate count

2. Coliform plate count

3. Anaerobic spore count

These methods were used to quantitatively evaluate the forego-

ing characteristics for compressed food bars made from: (1) freeze-dried

cooked ground beef; (2) air-dried dates; (3) freeze-dried cooked peas;
(4) cereal; (5) nonfat U.lk solids; and (6) potato chips. The beef,..

date, pea and cereal bars were prepared at two different moisture lovels
tg •etermine the effect of moisture on these characteristics. The

effects of additives to the beef bars of 3 per cent sorbitol and 2 per

cent mono- and diglycerides and acetyl glyceride coatings on the date

barb were also determined.

Methods for preparing the above food bars are'aescribed.

The above characteristics were checked, first on the freshly

preparedbars.. and then after three months' storage, at four different

-2-



storage conditions: (1) at 100"F in a sealed can with P02 equal tu ILL -
145 am. Hg; (2) at 100"F in a sealed can with p02 below 1 mnm. Hg; (2-) in
a sealed can with repeated temperature cycling between 0 and 40"', threc
cycles per week; and (4) at 70*F in air at relative humidity of 40 per
cent.

Any limitations or deficiencies found in the method- are
pointed out. In those instances in which the particular method was found
to be inaccurate, other methods are suggezted. The applicability of
some of the characteristics to the technology of compressed foods is
discussed, and suggest ons- arc made for future work.

•-3



I. INTRODUCTION

Compressed food bars made from dehydrated food items provide
for the Armed FQrces the advantages of greater convenience and stability

and a higher concentration of energy and nutrients than conventional
canned foods. New products, such as the compressed food bars, require
the development of suitable specifications for their production. These
specifications, in turn, require methods of evaluation. The objective
of Contract No. DA 19-129-AMC-130(N) has been to develop objective tests
for use in the technology of compressed food bars.

Methods were devised for the objective measurement of specified

physical and chemical characteristics, and of the microbiological charac-
teristics of several different compressed food bars. These methods were
evaluated by testing freshly prepared compressed food bars. In addition,

measurements were made on samples of the bars which had been stored under
several different storage conditions to determine the effects of storage
on the various parameters studied.

The next section of this report describes the methods used
for measuring the various physical and chemical characteristics and the

microbiologicil population of the compressed food bars. The results of

measurements of the freshly prepared bars are included in this section.
The third section reports the results of measurements of these character-
istics J-ter the food bars had been stored under four different condi-
tions for three months. The third section is followed by a brief

description of the preparation of the various food bars. A section

on conclusions and recommendations is included.

II. METHODS USED AND RESUIMS OF OBJECTIVE MEASURENTS
OF COMPRESSED FOOD BAR CHARACTERISTICS

The methods described in this section utilized, insofar as
possible, procedures recognized by the Association of Official

Agricultural Chemists, ASMR procedures, or procedures published in text-
books on foods. A few were found to be not applicable for the specific
purpose desired, and the reasons will be pointed out in the discussion of
each individual method. Included in the discussion of each test and the

method used are the results of tests made on freshly prepared compressed

-4-
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food bars. The figures reported represent the results obtained from at
least five bars of each kind or aliquots of five bars. Tne terms "high"
and/or "low moisture" are used as descriptive terms t..roueghos thin re-
port, and the reader is referred to the section on moisture determination
in this chapter (see p. 25) for the actual moisture content of the
various typ's of food bars.

A. Physical Characteristics

1. Density

a. Method: The bulk density of the compressed food bars was
determined after the method described in ASTMI/ for determining the den-
sity of urethane foam. The dimensions of an intact bar were measured by
means of calipers capable of measuring to 0.001 in., and the mass was
determined on an analytical balance to the nearest 0.0001 g. The bulk
volume in cubic centimeters was then calculated, as was the bulk den-
sity in grams per cubic centimeter. The surface of the bars was suffi-
ciently regular and the bars were solid enough that the foot area
(approximately 1 x 1/16 in.) of the calipers did not require augmenta-
tion.

b. Results: The bulk densities thus determined for the dif-
ferent food bars are shown in Table I. The values ranged from about
0.5 g/cc for the beef bars to about 1.2 g/cc for the date bars.

Table I also shows "apparent true density" values. True den-
sity is calculated by dividing the mass by the true volume of solids.
The true volume of solids is obtained by subtracting the pore volume
from the bulk volume. Our early methods of determining pore volume sub-
sequently were found to be inaccurate. Therefore, our results are re-
ported as "apparent true density" rather than "true density." Those bars
which were rather porous - beef, peas, cereal, and nonfat milk solids -
had apparent true densities which were 130 - 140 per cent of the bulk
density. Because date bars had a low porosity, the apparent true density
of solids was essentially the same as the bulk density.

No difficulties were experienced in determining the bulk den-
sity by the method described. However, the accuracy of the method used
for determining porosity governs the accuracy with which the true density
may be determined.

-5-



TABLE I

DENSITY OF COMPRESSED FOOD BARS

Apparent True
Bulk Density Densitz of Solids*Food Bar -Z 7Irt

Beef, low moisture 0.47 (0.46-0.48)** 0.71 44.3

Beef, high moisture 0.45 (0.39-0.48) 0.67 41.8

Beei; w/sorbitol 0.47 (0.45-0.50) 0.72 45.0

Beef, w/mono- diglycei'ides 0.50 (0.48-c .52) 0.76 47.4

Dates, low moisture 1.21 (1.15-1.25) 1.25 78.0

Dates, high moisture 1.17 (1.08-1.21) 1.23 76.8

Dates, w/acetyl glyceride
coating 1.18 (1.16-1.21) 1.20 74.9

Peas, low moisture 0.68 (0.66-0.70) 1.04 64.9

Peas, high moisture 0.67 (0.64-0.68) 1.00 62.4

Cerealj low moisture 0.90 (0.84-0.91) 1.19 74.3

Cereal, high moisture 0.88 (0.86-0.90) 1.16

Nonfat milk solids 1.05 (1.04-1.05) 1.33 83.0

Potato chips 0.70 (0.67-0.72) 0.89 55.6

* Volume of solids determined, by subtracting the pore volume deter-
"mined by use of the McLeod Porosimeter from the bulk volume of
the food bars.

** Range of values shown in parentheses.

"-6-
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2. Porosity

a. Method: The porosity or pore volume was determined by a

modification of the STM rnmthcoi for determining porosity of vitrified

ceramic materials-. This method involves pl cing the sample in the air-

tight chamber of a McLeod type poro3imeter 2L3/ which is then emptied of

air by filling the closed chanwber with. a liquid. The chamber ýjs then

evacuated to cause withdrawal of entrapped air from the uamalc. The

volume of entrapped air thus extracted is measured by means of a gas

burette. The volume of solids is calculated by su;btracting the amounit

of gas extracted from the bulk volume. We m.iified the standard method

by •ubstituting mercury for water as the confining liquid.

"b. Results: This method was found to be inaccurate when the

volumie of solids thus determined was compared with measurements made with

an air comparison pycnometer.* The -alues for porosity of the food bars
show-n i:. Table II were determined by the modified ASTM procedure. The

air comparison pycnometer was only used during the latter stages of the

project. Using the air comparison pycnometer, average pore volumes of

65 per cent and 25 per cent, respectivel?, were obtained, for beef and

nonfat milk solids bars.

The source of error using the McLeod porosimeter has not been

determined. The air comparison pycnometer is more accurate and easier

to use so we ree-orwend its use to determine true volume of solids.

Washburn and Bunting/ discuss an apparatus and method for de-

termining the pore volume of whole bricks based on the change in pressure

of an evacuated system of known volume when the air in the brick is

allowed to expand into the evacuated space. A rather inexpensive ap-

paratus can probably be constructed, and this method adopted for measur-

ing the pore volume of compressed food bars.

3. Shear and Hardness

a. Method (sheti'): A shear blade was constructed and used in
a Warner-Bratzler meat tenderness tester to simulate the action of in-

cisors shearing a food block. The blade was made from iron sheet,

* Air comparison pycnometer, manufactured by Beckman Instruments, Inc.,

Fullerton, California.
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TABLE II

POROSITY MBASUREMTS OF COMPRESSED FOOD BAWS

(Ijoru vuwlnu as per cent of bulk volur.2)

% Pocre Volume
Food Bar Avg. Value Range
Beef, low moisture 33 3P-34
Beef, high moisture 32 28-34

Beef, w/sorbitol 34 34-36

Beef, w/tfmono-, diglycerides 35 34-35

Dates, low moisture 3 2-3

Dates, high moisture 5 4-5

Dates, w/acetyl glyceride
coating 5 4-5

Peas, low moisture 35 34-36

Peas, high moisture 33 32-34.

Cereal. low moisture 24 24-25

Cerea-, high moisture 24 24-25

Nonfat milk solids 21 21-22

Potato chips 21 21-22



2 x 3 x 0.006 in. A 450 bevel was milled across the 2-i:i. - ac" th

blade, and the sharp edge of the bevel was rounded off on a grinding
wheel over approximately one-thiid the thickness of the bla-d and cx-
tending back about C.002 in. from the original edge of the bLAde in the
direction of the opposite surface (Fig. 1). The blade w s mou.ted in• a
vertical position on a yoke which, in turn, was attacned to the measur-
ing device of a Warner-Bratzler meat tenderness tester. To determine
shear on a food bar, the bar was placed on edge against the mo'znting

block of the tester. The mounting block was advanced mechanically and
pressed the food bar against the shear blade. The blade and bars were
mounted in such a manner that the bar was cut across its 1-1/4in. sq.
face. The force necessary for the blade to shear through the block
was registered on the measuring device of the tester (Hansen mo-del 60
dairy scale). The shearing action thus obtained is not the same as if
a sharp) knife edge were pressed into the bar. The pressure at which the
bar divided was called the end point. The end point was very sharp for
most of the food bars; they parted suddenly and sharply. In the case of
the date bars, the blade gradually sheared through the bar as pressure
was applied, and the end point was taken as the pressure registered when

the blade had been pushed entirely through the bar. The beef bars were
not soft but were fragile, and a like end point was used for them.

b. Results (shear): Shear values obtained on the different
compressed food bars are tabulated in Table II. The beef and cereal
bars were rather crumbly and had shear values of less than 10 lb.
The high moisture date bars were soft and shear values were low, but
the low moisture date bars had shear values of 25 to 30 lb. The pea
and nonfat milk solids bars were hard to bite and the shear values were

high, about 40 lb.

c. Method (hardness)! A type A Shore durometer was first
used to determine hardness, but it proved to be unsatisfactory. The
penetrating pin was too small in diameter to be used on some of the more
porous materials, and small particles and sticky material from the sur-
face of the bars caused the pin to hang.

Consequently we designed a penetration device to be used in

the Warner-Bratzler tester. Figure 2 is a diagram of this device which
consisted of four pins, 0.i in. dia., set into an aluminum alloy block.

The device was set against a yoke attached to the measuring device of
the Warner-Bratzler tester with the pins pointed toward the food. bar.
The food bar was set on edge against the mounting blqck of the tester.

-9.
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Fig. 1 - Cross-sectional Diagram of the Edg. of the Shear Blade
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Fig. 2 - Diagram of the Device Used with the Wmrner-Bratzler

Tester for the Hardness Test
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HABDNESS AI'D SH~EAR &A.SUBEMENTS OF COTATRESSED FOOD BARS

Hardness, Lb. Shear, L_.

Food Bar Avg. Range

Beef, low moisture 5 2-6 2-4

Beef, high moisture 5 4-7 2-6

Beef, w/sorbitol 4 4-5 2 1-2

Beef, w/mono-, diglycerides 5 4-7 2 1-3

Dates, low moisture 23 22-25 27 25-30

Dates, high moisture 4 3-4 5 4-6

Dates, w/acetyl glyceride
coati',Lý 5 3-6 6 5-8

Peas, low moisture 61 59-70 41 35-45

Peas, high moisture 52 42-63 38 22-63

Cereal, low moisture 16 1-3-18 6 4-8

Cereal, high moisture 19 14-22 8 7-9

Nonfat milk solids > 70 > 70 42 34-48

Potato chips 14 10-16 10 8-12

- :Ii -



A., t;,j m .t.ic; block wos ae 1icaLy advanced, the food bar wrI; pre'-:rrj
against the projecting pins;. Tlhe end point was taken as the pres;;sxc, i,

which complete penetration occurred. As was the case with the shear
test, the end point for trhe h!ar bnrs was usually sharper than for the
soft bars.

d. Results (hardness): Results of the hardness test, Table
III, exhibited the same general relations among the different types of
compressed food bars as did the shear test. In general, the hardness
values were higher than the shear values.

Research might profitably be performed to determine the optiain
configuration, diaeter and ntmber ol pins for a device such as the one
used for the hardness test. A similar type device which has a head with
a larger nurber of prongs is comrmercially used for testing the texture
of apples.'

4. ImpactResistance

a. Method: A Gardner impact tested!4/ equipped with a 1-lb.
weight was used to test impact resistance. The food bar was placed on
a flat surface beneath the guide of the tester. The weight was allowed
to drop onto the surface of the bar. If the bar did not shatter, the
drop was repeated from a greater height until it shattered. A fresh bar
was then placed under the weight and the weight raised to the maximum
height attained with the first bar. If the bar did not shatter, a fresh
bar was substituted and the height increased by increments of 1 in. The
procedure was repeated until a fresh test bar shattered on the first
attempt. Thus, the figure determined for impact resistance represents
the inch-pounds of force necessary to produce shattering. The bar was
not considered to have shattered unless pieces were actually dislodged
frim it.

b. Results: The values obtained for impact resistanoe of the
test food bars are summarized in Table IV. The beef bars had a very low
impact resistance. By the above definition of shattering, the date bars
did not shatter, even though the weight dented the bar. The pea bars had
the highest impact resistance, while the cereal and potato chip bars had
a relatively low value. Even though the nonfat milk solids bars were
quite hard, they had a low impact resistance.

* The texturemeter, Seifert Manufacturing Company, St. Nazian, Wisconsin.

- 12 -
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I:.. -Lb. ol' F~orce ....: -"_-'.2 T'.".. c<','::

Food Bar Avg. Value ?are

Beef, low moisture

Beef, high moisture 0.5

Beef, w/sorbitol 0.5

Beef, w/mono- diglycerides 0.5

Dates, low moisture :.o shattering,

Dates, high moisture -o shattering

Dates, w,/acetyl glyceride
coating No shattering

Peas, low moisture 9.0

Peas, high moisture 12.0

Cereal, low moisture 1.5

Cereal, high moisture 1.5

Nonfat milk solids 0.9 0.5-0.8

Potato chips 1.5

-13-



5. DimencionAl 2t ,biy

a. Melhol: Dimensional stabilfIty was testýd by pla2ing the
tles-t food ba- unrer - conpressive force of 5 13i for 24 hr. Each test
ba;r wae sealed in - foil0 laminate packet so there would be no change in
mW• t',re content over -.h e 24-hr. period.. Tese packets were large

encugh that expansion of the bar was not restricted. Metal bars which

weighed 7.3 _4 0.05 lb. (equivalent to 5 psi on the 1-1/4 in. sq. bars)

were then placed on the bar for 24 hr. The bars were supported in a
guide which held them upright but allowed the weight to slide if the
test food bar collapsed. The linear measurements before and after the
test period were determined and the dimensional stability reported as

per cent change from the original dimensions. The test was conducted at
Uwo temperatures, 40' and 1000F. The test bar was allowed ti come to
the test temperature before the weight was applied.

b. Results: The results obtained on the test compressed food
bars are shown in Table V. None of the bars underwent more than an 8
per cent change in either thickness or lateral dimensions when the test
temperature was 40'F. The beef, pea, low moisture cereal, and nonfat
milk solids bars, especially the last, showed good dimensional stability
at 100'F, while the high moisture cereal and potato chip bars underwent
some deformation, However, the date bars underwent considerable deforma-
tion, from 50 per cent to over 100 per cent change in lateral dimensions
and an average of about 50 per cent change in thickness.

T'he importance of allowing the bars to reach temperature equi-
libriumr is illustrated by the date bars. When the high moisture date

barn were placed in the 40'F test chamber and the weight applied while

they were still at room temperature, the deformation was about 75 per
cent of that attained in the 1000 F test chamber. However, as shown in

Table V, the high moisture date bars were quite stiff and resistant to
dimensional change under 5 psi when allowed Lo come to temperature equi-
librium at 40nF before the weight was applied.

6. Cohesiveness

a. Method: Szczesniak-/ has defined "cohesiveness" as the
strength of the internal bcnds making up the body of the product. The

procedure developed for measuring cohesiveness of the compressed food
bars tested the strength of the internal bonding by pulling the bar
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TABLE V

DIM&ENSIONAL STABILITY OF COMPRESSED FOOD BARS
AT 40° AIý7 i00 0 F UNDER 5 psi

(per cent change in dimenaions in 24 hr.*)

Temp. % Lateral Change I Thickness Change

Food Bar OF Avg. Range Avg. Range

Beef, low moisture 40 2 1-3 4 3-5
100 3 2-4 11 8-15

Beef, high moisture 40 < 1 NCl 2 1-4

100 < 1 NC - i 5 4-5

Beef, w/sorbitol 40 < 1 NC - 1 4 3-4
100 1 NC - 4 5 4-6

Beef, w/mono- diglycerides 40 < 1 NC- 1 2 2-3

100 < 1 NC - i 5 4-6

Dates, low moisture 40 4 2-6 5 4-6

100 49 44-54 34 33-34

Dates, high moisture 40 4 4-5 8 6-9

100 147 112-188 59 51-64

Dates, w/acetyl glyceride
coating 40 2 NC -5 4 2-5

140 157 130-189 64 60-67

Peas, low moisture 40 < 1 NC -1 < 1 NC-I
100 < 1 NC --' 1 1-2

Peas, high moisture 40 < 1 NC -1 2 1-3

100 < 1 NC -2 8 5-11

Cereal, low moisture 40 < 1 NC - 1 2 1-3
100 < 1 NC - 1 1 1-2

Cereal, high moisture 40 < I NC -1 2 1-3
100 14 11-18 16 13-18

Nonfat milk solids 40 NC - NC -

100 NC - NC -

Potato chips 40 < 1 NC- 1 2 1-3
100 7 7-8 12 10-12

* Test bars were brought to temperature equilibrium with test chamber

before weight was applied.

** NC = no change.
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apart. Holes were drilled in diagonally opposite corners o, the food
bar to be tested, approximately 1/4 in. from each edge. A mold was made
to enable these holes to be placed in the same position in each corner
and in each bar. The bar was then mounted on the Warner-Bratzler tester
by slipping the bar over pins secured to the mounting block and the meas-
uring device of the tester. As the mounting block of the tester was
mechanically advanced, a pulling force was applied at opposite corners.

The force being applied when the bar broke apart was read from the tester

scale.

b. Results: The cohesiveness of the beef, cereal and potato
chip bars was so low that the mounting holes could not be drilled without
the bars breaking or crumbling. Holes ccald be drilled in the pea bars,

but the high moisture pea bars pulled apart before a measurable force wus
applied (see Table VI). The date bars could be mounted, but only the

low moisture group parted after a measurable force had been applied.
Twelve .pounds of force was required to pull the bars of nonfat milk
solids apart.

7. Stickiness

a. Method: A small disc, 0.8 in. in diameter and 0.025 in.
thick, was made from aluminum sheet and a hook attached to hang it from
the arm of a Du Nouy tensiometer. The tensiometer, with the disc

attached, was calibrated with analytical weights and found to exert a
force of 7.9 dynes/dial division or, assuming the disc was attached& to
another surlace, 15.2 dynes/sq in. of surface per dial division. Bars
were equilibrated to atmospheres of approximately 40 per cent and 80 per
cent R.H. before testing for stickiness. The disc was set on the flat
surface of the test bar under a weight of 20 g. for 2 min., then the
force necessary to pull the disc away was measured on the tensiometer.

b. Results: Only date bars exposed two weeks to 80 per cent

R.H. had any measurable stickiness by this method. The stickiness was
gryater than the instrument could measure. The maximum measurable force
exerted by the tensiometer with the disc was equivalent to 1,670 dynes/
sq in. The date bars were the only ones which exhibited any stickiness

when touched.
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TABLE VI

COTESIVETESS 1EACTURE.MTO IN C01=7= SS'F V00D RAP.

(pounds force to pull the bars apart)

Cohesiveness
Food Bar Avg. Value Farge

Beef, low moisture2a

Beef, high moistureý2

Beef, w/sorbitola/

Beef, w/mono- diglycerides.2/ -

Dates, low moisture 4.8 4.0-5.5

Dates, high moisture 0.0

Dates, w/acetyl glyceride
coating 0.0

Peas, low moisture 4.9 3-8

Peas, high moisture U.0

Cereal, low moisture2/

Cereal, high moisture-2a/

Nonfat milk solids 12.0 9-14.5

Potato chipsa/

a/ Could not drill holes for mounting bar without breaking
apart.
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8. Dispersibility in Water

a. Method: Dispersibility of the bars in water was tested by
placing the bars in 100 ml. of water in a wide-mouth, 8-oz. bottle, and
shaking with a lateral motion at 140 1 10 strokes/min until complete dis-
persion had been effected. The volume of water used was approximately

10 times the volume of solids, except for the date bars, in which case
it was about seven times. More rapid shaking than about 140 strokes/min
resulted in considerable foaming, particularly with the nonfat milk
solids bars, and shaking slower than 140 strokes/min gave little agita-
tion. The test was conducted at room temperature.

b. Results: Table VII is a tabulation of dispersibility times
for the various test bars. The beef bars all dispersed readily. The
low moisture pea bars required 23 sec. to disperse compared with 6 sec.
for the high moisture pcea bars. Even though they were rather crumbly and
had low hardness, shear and cohesiveness values, the cereal bars required
about 5 hr. or more for dispersion. The milk and date bars underwent

more of a dissolving than dispersing type action. It is possible that
almost complete saturation of the solutions prolonged the dispersion
times for the date and milk bars. A small core of material from the

potato chip bars never reached complete dispersion, even after 8 hr.

9. Water Activity at 250C

a. Method: Water activity of the food bars was determined
with an Aminco-Dunmore electric hygrometer.* The lea ,r,.he sensing
element receptacle of the instrument were sealed into a No. 6-1/2 rubber
stopper. The material of which the water activity was to be measured was
placed in a clean, dry 250-ml. Erlenmeyer flask. The proper sensing ele-
ment was attached to the receptacle and suspended above the test mate-
rial; the rubber stopper holding the receptacle leads served to seal the

flask. The flask was then immersed in a water bath maintained at 250C.
Readings were taken at 15-mln. intervals until the system had attained
equilibrium as indicated by constant read 'ngs. The reading was con-
verted to relative humidity by means of the calibration curves supplied
for each sensing device, and the relative humidity was converted to water
activity by dividing by 100. Generally, equilibrium was attained in

* American Instrument Company, Silver Spring, M,.land.
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TABLE VII

ItI~1 ~ -T F TI. : TD u~~ O Tv T? :rERI
OF ........ E FOBD IT' WATER

(minutes for complete dispersion.-/)

Time in --•inut-e"-

Food Bar Avg. Value Range

Beef, low moisture < 1

Beef, high moisture < 1

Beef, w/sorbitol < I

Beef, w/mono-,diglycerides < 1

Dates, low moisture 420 375-450

Dates, high moisture 273 270-300

Dates, w/acetyl glyceride
coating 288 270-300

Peas, low moisture 23 22-25

Peas, high moisture 6 5-7

Cereal, low moisture 316 300-340

Cereal, high moisture 175 170-180

Nonfat milk solids 150 -

Potato chips > 480

a- Bar placed in approximately 10 volumes of water and shaken

with lateral motion at 140 + 10 strokes/min.
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2 hr. or less; the lower the water activity, the longer the time needed

to reach equilibrium.

Waldham and Halvorson•/ used this type method to measure the
equilibrium vapor pressure of bacterial endospores. We measured the
activity of several saturated salt solutions and obtained values which
varied within t3 per cent of the values given by Robinson and Stokes.7/

b. Results: Table VIII is a summary'of the water activity
measurements obtained on the compressed food bars. The beef bars of low
moisture content, 2 per cent, had a water activity of less than 0.1
while the high moisture beef bars, about 6 per cent moisture, had a water
activity of 0.26. The value for the date bars was 0.4 when the moisture
content was about 10 per cent and 0.5 to 0.6 when the moisture level was
about 16 per cent. A moisture content of about 7 per cent in the pea
bars gave an activity value of 0.4 compared to less than 0.1 if the mois-
ture level was as low as 2 per cent. The low moisture dates and the
high moisture cereal bars contained the same percentage of moisture but
the material of each was such that the water activity of the high

moisture cereal bar was considerably greater (0.6) than that of the low
moisture date bars (C.4). The low moisture cereal bars contained only
4 per cent moisture and the water activity was lowered to 0.2. The non-
fat milk solids bars had a low water activity, 0.1, and the potato chips
had a relatively high value of 0.4.

A check of the water activity of the test bars was made in
conjunction with the determination of equilibrium relative humidity
curves. If a bar is placed in an atmosphere of a relative humidity
which, when divided by 100, equals the activity coefficient of the water
in the food bar, the bar will neither gain nor lose weight. However, the
bar will give off or take up moisture if the value is less than or
greater than the water activity of the food bar: If, then, samples of
the compressed food bars are equilibrated in atmospheres of several dif-
ferent relative humidities for a few hours and the change in weight
plotted versus the different relative humidities, it is possible to ob-
tain a good estimate of the water activity of the bars. Figure 3 shows
such plots for severei of the food bars ? The values thus obtained are in
good agreement with those shown in Table VIII. This method is-similar
to the isopiestric method of Robinson ead Sinclair,,S/ but the equipmnent
was not as elaborate. Further discussion of the procedure and equiymient
will be given in the discussion of the equilibrium relative humidity
curves.
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TABLL VIII

Activity ot250
Food Bar Avg. Value Rarge

Beef, low moisture 0.05

Beef, high moisture 0.?6 0.24-0.29

Beef, w/sorbitol 0. ^ 0.04-0. 0-

Beef, xv/nono-, diglycerides 0.06 0.05-0.08

Dates, low moisture 0.40 0.39-0.41

Dates, high moisture 0.53 0.51-0.54

Dates, w/acetyl glyceride
coating 0.57 0.53-0.60

Peas, low moisture 0.08 0.07-0.08

Peas, high moisture 0.36 0.33-0.38

Cereal, low moisture 0.18 0.16-0.21

Cereal, high moisture 0.62 0.60-0.64

Nonfat milk solids 0.12 0.11-0.19

Potato chips 0.40 0.38-0.43
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Thlie term "ater ac iv ty- as :.erePl used is t S.ea.
"equilibr" .m relative auridit:" as used l.y Lar.drock ard 'roco_/ o

"moistu-r-vaipor press1ure" m s used Tvy 'alwln. 1 0 i

10. Elasticity

a. M•t ,lod. .Szczesnia1L/ defines ei.4,tieity + "t:.e r-ae a
which a deformed material goes back to its =ndeformed conditio-n nkfter
the deforming force is removed." we utte.-pted to defor!m te food V-irn
by compression between plates but found that most of the bars broke be-
fore any measurable deformationr had beer. accompliuhed. :.erefore, the
determination of elasticity seems o0f little value as a compressed food
bar characteristic.

b. Results: The high moisture date bars would undergo de-
formation. When subjected to a deformation of 5 per cent of their
length, the recovery was 50 per cent of the deformation after 1 hr. The
bars were held in the deformed state only as long as needed to measure,
then released. If they had been held very long in the deformed state,
they probably would have assumed it as a )e=_,.anent configuration.

11. Permeability to Gas

a. Method: A simple apparatus was designed and the permeabil-
ity to air determined after the ASTM procedurell/ for measuring the re-
sistance of nonporous paper to passage of air. A diagram of the appa-
ratus is shown in Fig. 4. A 100-ml. burette was suspended beneath the
apparatus by an air-tight connection. A leveling bulb containing water
was attached by means of a rubber hose. To start the test, a food bar
was placed in the cavity of the apparatus and the top plate screwed down
tightly. A soft rubber gasket was used to provide a seal at the outside
edge of the apparatus and around the edge of the air hole irt the top
plate. The water level was brought to the zero point on the burette by
raising the leveling bulb, and held at that point by clamping the rubber
hose between the leveling bulb and burette. 'The leveling bulb was then
placed in a lower support at a height that would allow the falling column
of water to come to rest at the 75-mi. mark. The clamp was then re-
leased and the time measured for the water to fall to the 50-mi. mark.
If the food bar to be tested was greater than 1/2 in. thick, a second2.

- 23 -
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Fig. 4 - Diagram of Permeability" Apparatus
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rubber gasket, cut so as to slip over the projecting food bar, was pla.-ed
on the apparatus to ý.I ow the top plate to be screwed down without cr.-...

ing the food bar.

Since all burettes are not of the same diameter, the height

of the water column before its release to pull air through the bar would
be better standardized by specifying a distance between the zero point
and the final resting point. This distance in our apparatus was 20 in.

b. Results: In Table DC are summarized the permeability times
measured by the above procedure. The beef, cereal and potato chip bars
were highly permeable. About 11 sec. were required for 50 ml. of air to
be drawn through the nonfat milk solids bars and about 14 sec. for the
pea bars. There was no measurable fall in the water column after 5 min.
with the date bars in the apparatus and the term nonpermeable waý applied
to the date bars.

B. Chemical Characteristics

1. Moisture Content

a. Method: Moisture content was determined by drying in a
vacuum oven. The loss in weight after 16 hr. at 65*C and about 50 mm. Hg
pressure was taken as moisture loss. This time is longer than needed for
some materials such as the beef, cereal, pea and nonfat milk solids
bars, but there was no difference between weight loss at 8 - 10 hr. and
16 hr. The 16-hr. period is conveniently accomplished overnight. The
dates were checked with an additional drying period of about 8 hr.,
making a total of 24, and the 24-hr. moisture content was about 1 per
cent greater than the 16-hr. value, but the change with drying periods
longer than 24 hr. was negligible. Thus, the exact time required for
drying in the vacuum oven method will vary; 16 hr. are sufficient for
most food materials.

b. Results: The moisture contents determined for the differ-
ent food bars are shown in Table X. The moisture levels shown fall
within the ranges specified in the contract except for the high-moisture

beef bars, which were slightly higher than desired. The narrow range of
values in each case indicates good duplication with replicate samples.
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TABLE IX

PERMEABILITY TO AIR MEASUREMNTS ON COMPRESSED FOOD BARS

(time required to draw CO cc. of air through bar)

Time, Sec.

Food Bar Avg. Value Range

Beef, low moisture 2.5 2.0-3.0

Beef, high moisture 2.3 2.0-3.0

Beef, w/sorbitol 2.4 2.0-3.0

Beef, w/mono- diglycerides 2.5 2.0-3.0

Dates, low moisture Nonpermeable

Dates, high moisture Nonpermeable

Dates, w/acetyl glyceride

coating Nonpermeable

Peas, low moisture 13.8 11.0-19.5

Peas, high moisture 14.7 10.0-20.5

Cereal. low moisture 3.6 3.5-3.8

Cereal, high moisture 3.9 3.0-4.5

Nonfat milk solids 671 618-684

Potato chips 2.4 2.2-2.5
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TABLE X

MOISTURE CONTENT OF COMPRESSED FOOD BARS

(loss in weight after overnight drying at 700C and
S100 mimr. Hg pressurce

Per Cent
Food Bar Av.V e Range

Beef, low moisture 2.± 2.0-2.2

Beef, high moisture 6.4 C.2-6.9
7.6*

Beef, w/sorbitol 1.6 1.4-1.9
1.9*

Beef, w/mono- diglycerides I.• 1.4-1.9
i1.9*

Dates, low moisture - 9.6 9.4-9.8

Dates, high moisture 15.4 15.2-15.6

Dates, w/acetyl glyceride
coating 16.4 15.7-16.8

Peas, low moisture 2.4 2.3-2.4

P.eas, high moisture 6.8 6.7-7.0

Cereal, low moisture 3.9 3.7-4.2

Cereal, high moisture 9.5 9.3-9.6

Nonfat milk solids 3.5 3.4-3.5

Potato chips 5.6 5.5-6.3

* Fat-free basis, crude fat determined by petroleum ether

extraction.
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Several comparisons were made with the toluene distillation
method and results agreed with those obtained by vdcuum drying except for
the date lzar. Moisture by toluene distillation gave values for the

date bars about I per cent greater than did the vacuum-oven method. Six

hours were required for the dates in contrast to 1/2 to 1 hr. for any

of the other bars for the 'oluene distillation method.

Thus, we recommend either the vacuum oven or toluene distilla-
tion methods for moisture determination.

We do not recommend the hot-air oven be used for drying food
bar samples for moisture determination unless time and temperature con-
ditions are specified which would give results which check with those

determined by either vacuum oven or toluene distillation. In our ex-

perience, drying periods of up to several days at 100 0 C did not bring
samples to constant weight, and obvious deterioration and loss of vola-

tiles occurred if the temperature was 105*C or greater.

2. Free and Bound Lipid Content

a. Method: Free or crude fat was determined by solvent ex-
traction in a Soxhlet apparatus as outlined by AOAC standard methods.12/

Comparable results were obtained with either ethyl ether or petroleum
ether;* therefore, petroleum ether was used instead of ethyl ether be-

cause it is less hazardous. All samples were dried and ground before

extraction. Free fat values are summarized in Table XI.

Bound lipid was calculated as the difference between total and

free lipid, but the method used for determining total lipid was found to
be in error for some of the food bars. We used chloroform:methanol, 2:1

volume ratio, extraction in a Soxhlet extractor to determine total

lipid.1-3/ The method gave no apparent discrepancies with the beef,

cereal, potato chip and nonfat milk solids bars; but values obtained for
the date and pea bars were considerably greater than those reported by
Watt and Merrill.l_-/ It was obvious that more than just lipid was being

extracted by the chloroform:methanol solution. Therefore, the bound
lipid values shown in Table XI are labeled apparent bound lipid.

* Skellysolve-B

- 28 -



TABLE XI

FREE LIPID AID APPAREIT TOTAL AND BOUND LIPID COIT:'T
OF COMPRESSED FOOD BARS

(per cent of dry weight)

Apparent Total
Free Lipid* Lipid** Bound

Food Bar Avg. Ranpge Avg. Range Li•pid***

Beef, low moisture 16.2 15.6-17.3 20.6 18.8-22.0 4.4

Beef, high moisture 16.2 15.4-17.0 20.5 19.0-21.7 4.3

Beef, w/sorbitol 16.8 15.5-17.8 24.5 23.6-26.0 7.7

Beef, w/mono-
diglycerides 17.6 16.9-18.3 25.2 22.5-27.5 7.6

Dates, low moisture 0.7 0.5-0.9 - - -

Dates, high moisture 0.6 1 0.5-0.6 39.4 25.5-48.5 38.8

Dates, w/acetyl
glyceride coating 1.9 1.6-2.3 21.04 19.7-22.0 19.1

Peas, low moisture 2.9 2.7-3.1 17.9 16.8-20.1 15.0

Peas, high moisture 3.2 2.9-3.3 14.6 11.2-17.2 11.4

Cereal, low moisture 14.5 14.4-14.7 17.5 17.1-18.0 3.0

Cereal, high moisture 13.9 13.3-14.3 17.1 15.8-17.4 3.2

Nonfat milk solids 1.4 0.3-2.0 2.1 1.4-2.6 0.7

Potato chips 31.8 31.4-32.0 32.3 31.8-32.6 0.5

* Deteimined by petroleum ether extraction.
* Determined by chloroform:methanol extraction, 2:1 volume ratio.
**N Difference between free and total lipid.
$ Sample was not dried prior to extraction.
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b. Results: Beef bars with added mono- and diglycerides had

higher free lipid values than the other three types. This result was ex-
pected, and the lipid values should have been 2 per cent greater than
those of the other three. The apparent bound lipid for the low and high

moisture beef was abouL 4.4 per cent;, while the group with sorbitol added
had a value of 7.7 pcr' cent. The free fat values for the dates and peas
were in agreement with the values given by Watt and Merrill.14/ The
total fat, as determined by the chloroform:methanol extraction, and con-
sequently the bound fat values, were considerably divergent. These re-
sults lndi"ated the methanol component of the solvent mixture was
probably extracting some of 'he sugar from the date bars and sorbitol
from the pea baru. The pea bars consisted of 10 per cent sorbitol. This
supposition is further supported by the fact that the bound lipid of the
sorbitol beef bars was about 3 per cent greater than the beef bars con-
taining no sorbizol.

The free fat of the cereal bars was found to be about equal to
the percentage of shortening added and the values for the potato chip
and nonfat m4ilk solids bars were as expected. The bound lipid for the
potato chip and nonfat milk solids was less than 1 per cent and the

cereal bars about 3 per cent.

Two approaches were tried in an attempt to circumvent the
problem of the chloroform:methanol extracting nonlipid materials. We
first attempted a pre-extractiorn with water to remove a large portion of

the water-soluble material. This did not prove satisfactory. A second
approach was to extract with the chloroform:methanol in the regular
fashion, then extract the chloroformumethanol with water. In so doing,

we added magnesLum chloride to retard emulsion formation as used by
Winterl5/ in a similar procedure. The solvent mixture was then trans-
ferred to a dry, tared flask and the solvent evaporated to determine the
amount of fat extracted. This proceduare was not tested extensively, but
the following percentages for total fat content were obtained: low

moisture beef, 18.0; dates with acetyl glyceride coating, 2.5 and 3.8;
low moisture dates 0.4 and 0.3; beef with mono- and diglycerides, 20.1,
20.1, 19.8; and high-moisture peas, 4.6, 4.6, and 4.8 (each value repre-
sents a different sample). These values were not checked by any other
procedure, but the date and pea values are more reasonable than the re-
sults obtained by the s'rple extraction method.

The procedure In greater detail was as follows. From 5 - 10 g.
of sample was weighed into a paper extraction thimble (the samples were
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used as i±,. wi:e. additional drying b•• crushed or cut into small
pietese. -hey were extracited for 4 tr. with chloroform-methanol solution
(2,l vocime ratio) in a Scxhdet; extrac•ox. Approximately 150 ml. of sol-
vent wat ,',ked. Alter Cooling .o ro om temperature, the solvent was
quantiratvely transferred to a 500-ml. sepai.tory funnel. Approximately
50 mL. of wa!%ey was 'len added hI al. of mlar magnesium chloride
solu,,i-tn and t•e mixt4re sbaken, allowed to stand until the chloroform:
methanol separated. The organic solvent was then drained into a clean,
dry, tared 250C-r. flask .,e-eraý dry boiling chips were tared with the
flask).. The water aol•_on waa extxasted twice more with 50-ml. portion&
of fresh chclootmime•aL., ,cion. The chloroformswmethanol was then
evaporated under gentle beat and vacuum. Final evaporation and drying
was acomp ie tlrpeJ the 4acýum oven, after which the flask and fat resi-
due were allowed to cocl in a desiccator and weighed. We think that this
method will yield a more authentic value for total lipid content, and
warrants further investigation for reliability and accuracy. It is simi-
lar in many respects tq the procedure reported by Winter.

3. Reduc_ n Sdaas

a. Mectbodý The redocir sugar content was determined after
the method of Moyer and Holgate. L6/ The major departure from the method
as outlined by these authors was the extraction procedures. The extrac-
tion procedure vecomuended by the AOAC 17/ was used instead. Reagents
were made as specified in the appropriate references.

Five to ten gram& of material were placed in a clean 250-al.
volumeTric flask and .25 ml of 50 per cent ethanol were added. The
flask and contents were placed in an 85oC water bath for 1 hour, then
allowed to stand !i'ernt$lg and made to volume wiLh 95 per cent ethanol,
and mixed. A 5- or 10-ml. alicuot of the alcoholic extract was trans-
ferred to a clean test tube and evaporated to near dryness in a boiling
water N_&tho The walls of the test tube were washed down with 2 - 3 ml.
of water and 2 al. of barium hydroxide solution added and mixed well,
followed by the dropwise addition of 2 ml. of zinc hydroxide solution.
The contents of the tube vere quantitatively transferred to a filter and
the filtrate collected in a 50- or 100-m'. volumetric flask. An aliquot
of the clarified extract estimated to contain 0.5 - 1.5 meg. of glucose,
or its equi*alent in reducing power, were pipetted into a clean Folin-Wu
sugar tube with 2 ml. of reagent, mixed veil and placed in a boiling
water bath for 20 minutes. After cooling, 2 ml. of arsenomolybdate
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soL1, tji(n wau added, wutc.r added to the 25-MI. mark and the contents of
each ,iibo mixed biy invrr Lor,. Aft+,r 17) min., the" ;absorbanr-y of the solu-'I, Z. . . .. t U _C, I• -4-, c1 -%1 0 !, L. 'The ab-

sorbanc'y -in :onverted to giucose concentration 1 , compariscrn with a
standard -o:,I solution ri n a . prescribed at the same time. Appro-
prrLn'.-. d! 'a-to-c ve-e al;-d id a, d the reducing sugar content cal-

o -vted a-. _q ... .............. dilurations

and aliqaCot for color dcve_!cmenT vary according to the estimated re-
du-ci. sucgar cont.nt cf the material. For exampl•, in the case of dates,
5 g. of dry matter were extracted, _5 mi. were clarified and the filtrate
made to 100 m].; a S-mi. aliquot of this dilution was transferred to a
100-ink. flask made to volume and 2 ml. of this final dilution used for
the color development; potato chips, 10 g. of dry matter extracted,
10 ml. clarified and filtrate made to 50 ml., 2 ml. of which were used
for color development.

b. Results: Table XII is a summary of the results obtained.
The beef, pea, and potato chip bars were quite low in reducing sugars
while about 75 per cent of the dry matter of the dates consisted of re-
ducing sugar. The vaiue shown for the nonfat milk solids, when doubled,
is equivalent 0o the percentage of lacdose expected. The nonfat milk
solids contributes the reducing sugar found in t. cereal bars.

The relatively narrow range of values shown for the date,
cereal and nonfat milk solids bars indicates good duplicability.
Percentagewise. the range was greater when the reducing-sugar content
was low as in .he beef, pea, and potato chip bars. Recovery of glucose
added to date samples was good. Recovery of added glucose at the low
levels determined for beef and peas was not as good. With the aliquots
used, the aibsorbancy of the colored solutions from the beef, pea, and
potato chip bars was only about 0.15 unit greater than the blank. We
did not investigate extensively, but evaporation of larger aliquots of
the alcoholic extract to give a higher absorbance value in the col&.ed
solution showed promise of improving the accuracy of the determination
in these instances.

* Bausch and Lomb, Spectronic-20.
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TABLE XII

REDUCING S=GAii CO11TEI7T OF COTRESSED FOOD 2ARS

(per cent glucoce equivalent on dry 7atter La i

Food Bar A'vg. Valuc

Beef, low moisture 0.24.

Beef, high moisture 0.65 0.i,-U.44

Beef, w/sorbitol 0.75 0.06-0.22

Beef, w/moho- digiycerides 0.20 0.11-0.26

Dates, low moisture 73.8 735.5-74.1

Dates, high moisture 77.5 76.0-78.4

Dates, w/acetyl glyceride

coating 78.0 75.6-80.1.

Peas, low moisture 0.2

Peas, high moisture 0.38 0.37-0.40

Cereal, low moisture 6.4 6.3-6.6

Cereal, high moisture 6.6

Nonfat milk solids 26.3 25.0-28.4

Potato chips 0.2 0.1-0.2
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a. Metriaod: The e.Lcctrometric method recommenided by the
AOAC-i/ wau; is;(-d to determine the ph of a water suspension of the food
bars. The procedure was .sed as outlined by the AOAC except that the
!.nstruien+,* waa: sýtandardized with a pH 7.0 commercially prepared
buffer. *

b. Res..lts: The p1- values obtained are summarized in Table
XIII. No range is given because the values did not vary more than
+0.1 p11 'nit, and in mo3t cases all samples of a given group showed no
v-riation. The beef, date, and potato chip bars had values of less than
6.0; the value of 5.6 for the dates coated with acetyl glycerides was
the lowest. The cereal and nonfat milk solids bars had a pH of about
6.5, while the pea bars were 7.0.

5. Water-Soluble Fraction

a. Method: Water-soluble fraction was determined by the
method given by Jacobs.12/ for preparing cold-water extracts of meat and
meat products. The only alteration was in the water temperature; in-
stead of water at 4O0F. water at room temperature, 78 1 2 0F, was used.

An aliquot of the food bar was accurately w;eighed and placed
in a clean 50-ml. centrifuge tube. About 40 ml. of distilled water was
added and the mixture allowed to stand with occasional stirring for
10 min. The tube was centrifuged and the supernatant filtered through
Whatman No. 31 filter paper. This was repeated twice with 50 ml. of
water and four times with 25 ml. of water, the residue being washed into
the filter paper with the last 25 ml. The residue and filter paper were
washed three times. The filtered extract was diluted to a volume of
500 ml. in a volumetric flask and mixed well. An aliquot of the extract,
100 or 200 ml., was transferred to a tared evaporating dish and evapor-
ated to dryness to determine solids extracted. Initial drying of the
ext ract was accomplished in a 1008C oven and the final drying in the
vacuum oven. From the total solids extracted the water--cluble fraction
of the dry matter was calculated.

* Leeds and Northrup Company, Philadelphia, Pennsylvania., Assembly No.

7663-Al.
** Beckman Buffer Solution 3581, Beckman Instruments Incorporated,

Fullerton, California.
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TABLE XIII

THE pH OF A WATER SUSPENSION OF COMPRESSED FOOD BARS

pH

Food Bar Avg. Value

Beef, low moisture 5.7

Beef, high moisture 5.7

Beef, w/sorbitol 5.7

Beef, w/mono-,diglycerides 5.7

Dates, low moisture 5.8

Dates, high moisture 5.8

Dates, w/acetyl glyceride

coating 5.6

Peas, low moisture 7.0

Peas, high moisture 7.0

Cereal, low moisture 6.4

Cereal, high moisture 6.4

Nonfat milk solids 6.5

Potato chips 5.8



The supernatant liquid sometimes filtered slowly. The nonfat
milk solids were part2 4.ilarly hard to filter. The No. 31 Whatman filter*
paper - which is coarse - aided filtration. Another manipulation which
aided was to reduce the original sample size and evaporate a larger
aliquot of' the uxLract. Representative sample sizes and aliquoto evapi -
rated were as follows: beef bars, 3 g., 2 00ce.; date bars, - g.,

100 cc.; pea bars, 5 g., 200 cc.; cereal bars, 12 g., 100 cc.; nonfat
milk solids, 3 g., 200 cc.; and potato chip bars, 6 g., 200 cc.

b. 'Re'ihuts: Compression had virtually no effect on the solu-
bility of the nonfat milk solids; essentially 100 per cent of the dry
matter was water soluble (see Table XIV). Since they contained 0.5
per cent of magnesium stearate, we did not expect a value greater than
99.5 per cent. The potato chip bars had the lowest water-soluble frac-
tion, 17 per cent followed in order by the beef bars, 25 - 30 per cent;
cereal and pea bars, about 40 per cent; and the date bars 85 - 90 per
cent. The range of values for replicate samples showed results could
be duplicated.

6. Equilibrium Relative Humidity Curve and Rate of Equilibration to
40 Per Cent R.H.

a. Method: The equilibrium relative humidity curves for the
food bars were established after the method of Funk.20/ Samples of the
test bars were placed in a tared weighing bottle and placed in closed
containers in which the relative humidity of the atmosphere was con-
trolled by saturated salt solutions. The saturated salt solutions were
chosen to be as close as possible to relative humidities of 5, 10, 20,
40, and 80 per cent. The different salt solutions used and the rela-
tive humidity of the atmosphere at 78*F (Robinson and Stokes7]) over
them were sodium hydroxide, 7.0 per cent; lithium chloride, 11.0 per
cent; potassium acetate, 22.4 per cent; potassium carbonate, 42.8 per
cent, and potassium bromide, 80.7 per cent. The containers were kept at
room temperature, which was 78 t 20 F. The bottle and sample were weighed
periodically and the sample was considered at equilibrium if the weight
change over a three-day period was i mg. or. less per gram of sample.
After samples had reached equilibrium, the equilibrium moisture content
was determined by drying in the vacuum oven.
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(per cen-t of dry rat-te"

F,.od BarA

Bee••, lo mo',ture v-

Beef, high moi2ture

Beef, w/sorbitzol 29

Beef, w/mono-, diglycerides 29 2&-12

Dates, low moisture 88 84-88

Dates, high moisture 89 88-90

Dates, w/acetyl glyceride
coating 86 86-87

Peas, low moisture 42 40-42

Peas, high moisture 42 40-45

Cereal, low moisture 41 40-41

Cereal, high moisture 38 38-39

Nonfat milk solids 99 97-100

Potato chips 17 16-18
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b. Results: Figures 5-10 show the equilibrium relative
humidity curves for the compressed food bars studied. Except for the

date bars, the equilibrium moisture content was 5 per cent or less at

relative humidities of up to 40 per cent. In no case was the value
greater than 10 per cent at 42.8 per rent I.H. The equilibriiur. moisture

content at 80 per cent R.H. was two to three times that at 40 per cent

R.H. Difference in initial moisture level of a given bar type had little

influence on the equilibrium moisture levels.

The rate of equilibration to 40 per cent R.H. was followed by
checking the change in weight in an atmosphere of 42.8 per cent R.H.,

maintained over a saturated potassium carbonate solution. The weight

was checked at close enough intervals, especially over the first week of

equilibration, so that a plot could be made relating the food bar weight

after successive periods of equilibration to the starting weight. Whole

food bars were used since their rate of equilibration tended to be slower

than that of pieces. The equilibrium moisture content of whole bars or
pieces was the same.

Figures 11-15 show the rates with which the various compressed

food bars equilibrated to 42.8 per cent R.H. The beef bars required

7 - 10 days to reach equilibrium.' The low moisture dates had a water
activity of about 0.4, and reached equilibrium in just a few.days. The

other date bars were much longer in attaining equilibrium. The high

moisture pea bars required about one week, but the low moisture pea bars

required 12 - 14 days. The cereal bars needed 12 - 14 days and the non-
fat milk solids almost three weeks to attain equilibrium.

7. Rate and Amount of Gaseous Oxygen Uptake

a. Method: Oxygen uptake was determined by means of the

Warburg respirometer. An accurately weig'hed sample, usually an intact
bar or its weight equivalent, was placed in a 20C0-ml. reaction flask.

The flask was flushed with oxygen for 1 min. and stoppered until it was

attached to the manometer. The constant temperature bath was. maintained

at 50 t 0.2*C. One hour was allowed for temperature equilibration be-

fore the• manometer was closed to the outside atmosphere and the initial

reading made. Each day the manometers were read and adjusted back to

atmospheric pressure if the change in the level of manometer fluid in

the open arm was more than 10 mm. During periods of -rapid change in air
pressure, it was sometimes necessarj to read and adjust the manometers

more often to keep the fluid levels on scale.
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The manometers were brought cack to aimospheric pressure by •jpcni.-
closed arm of the rmanometeŽr t, the atmosphere and readjusting the :1 i

level to the starting point. Thus, the oxygen concentration was dii' 2(1

over the observa4-ion period. A 10-day observation period. was Caried

out.

b. Results: Figures 16-20 show the accumnulative uptake of

oxygen for the freshly prepared food bars as deturmined by the above
procedures. The high and low moisture beef bars took up more oxygen

than did the bars with sorbitol and mono-,daiglycerides added. The

latter bars were similar to the low moisture bars with respect to treat-
ment and in composition except that 5urbitol and mono-,diglycerides were
added. We did not attempt to elucidate the mechanisms causing the

marked differences in oxygen upta.ke. The low and high moisture beef
bars were run more than the regular 10-day observation period and as the
rate of uptake was decreasing, the rates of uptake continued to decrease

up to the 16th day at which time the trial was discontinued. However,

as shown in Fig. 16, both types of bars were still taking up some oxygen.

The low and high moisture dates took up oxygen at a much slower rate

than did any of the beef bars, less than 200 pl/g in 10 days. However,
the bars with acetyl glyceride coatings took up more than 700 pl. in the

first 10 days observed. These, too, were run longer than the usual 10
days and their rate of uptake tended to decrease, but not cease, from

the 10th to 16th day of observation. Approximately 450 pl. of oxygen
per gram of dry matter were taken up by the pea bars, 250 p.. by the

low moisture cereal bars, and 400 pl. by the high moisture cereal bars

over the 10 days observed. The potato chip bars had taken up about
250 pl/g and the nonfat milk solids approximately 275 pl/g in 10 days of

observation. The low moisture beef bars and the nonfat milk solids bars
were the only ones which showed any definite decrease in the rate of up-
take over the 10-day observation period.

In general, the high moisture group of each type of bar tended

to have a greater rate of uptake than did the low moisture group. In no

instance did any of the bars reach an apparent saturation with oxygen in
the 10 days observed. The decrease in the rate of uptake by the two

groups of beef bars as well as the dates with acetyl glyceride coatings
was not caused by dilution of the oxygen in the reaction flasks with at-

mospheric air. Two flasks of each of these groups were removed from

the bath after 10 days and flushed with oxygen, as they had been at the
start of the trial. They continued to take up oxygen from the 10th to

16th days at the same rate as the ones which had not been reflushed with
oxygen.
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At 50°C each microliter of oxygen is equivalent to approxi-
mately 0.038 LM of oxygen (assuming barometric pressoure of 760 mmv.).
Thus, the 10-day uptakes recorded in these experiments ranged froc, abcu.
76 LM/g for the beef bars to about 3.8 UM/g for the low moisture date
bars.

8. Changes Associated with Oxygen Uptake; Peroxide Number. Carbonyl
Content, Thiobarbituric Acid Number

Three different chemical characteristics; (1) peroxide number;
(2) carbonyl content; and (3) thiobarbituric acid number, were used to

reflect changes in the compressed food bars associated with oxygen up-
take. The following procedures were used with minor changes, principally
in sample extraction, for the respective determinations, peroxide number,
procedure recommended by the Committee on Analysis of Commercial Fats
and Oils .21/ carbonyl content, that reported by Henick, Benca and
Mitche].l;22/ thiobarbituric acid number, the procedure of Sidwell et a,23/

Reagents and solutions were prepared as directed in the respective
references.

a. Method:.....

(1) Peroxide number: For the determination of peroxide
number, approximately a 5-g. sample was accurately weighed into a glass-
stoppered 50-ml. centrifuge tube. The sarpl*pe was extracted with 30 ml.
of acetic acid-chloroform solution, centrifuged, and the supernatant
filtered through a coarse filter paper into a clean, dry 250-ml. Erlenmeyer
flask. The extraction was repeated with two 20-ml. port;ionz of acetic
acid-chloroform solution. The acetic acid-chloroform extract was then
treate4 with potassium iodide and water and the liberated iodine titrated
with standard thiosulfate as directed by the Committee on Analysis of
Commercial Fats and Oils.

(2) Carbonyl content: For the carbonyl determination,
3 - 5 g. of the ground food bars were accurately weighed into a 50-ml.
glass-stoppered centrifuge tube and 25 ml. of carbonyl-free benzene were
added. The tube was shaken, allowed to stand several minutes, shaken
again and centrifuged. An aliquot of the supernatant estimated to con-
tain up to 1 tM of total carbonyl was pipetted intoa c ean, dry 50-ml.
volumetric flask and the color developed as directedj?/ The absorbancy
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ThL AE XV

PEROXIDE I TSVE2a. TOYPAL CAFPO20fL o_:,tu•,. AI I,-, UI.WI- 7 [--'-,-

OF COMPRESSED FOOD BARS

P •o:d No.-'- T- u.....,,x . ..r....J A- i' ]k-..
Food Bur -me

Beef, IQ-oi t ,Ur e,.30

1C.7-17.7*** 3.10-3.50 O.A-O.!9
Beef, high moisture 1U.7 2.30 0

17.7-19.E 2.23-2.40 0.10 C .i
Beef, w/sorbitol 24.4 2.66 0 1O

25. 2-25 .1 2.55-2.82 0.14-0.
Beef', w/mono-,

diglycerides 22.5 3.18 0.20
21.4-23.2 2.96-3.39 0.17-0.25

Dates, low moisture 0.0 0.21 0.01
0.18-0.25 0.00-0.02

Dates, high moisture 0.0 0.20 0.03
- 0, .I5-0 .30 0.02-0.03

Dates, w/acetyl
glyceride coating 2.2 0.35 0.05

- 0.32-0.39 0.02-0.13
Peas, low moisture e 1.0

_- h moistur< 1.0

Cereal, low moisture 3.4 0.44 : 0
3.1-4:.1 0.4.-0 .45

CereaIj high moisture 0.0 0.52 0.12
0.39-0.82 0.10-0.13

Nonfat milk solids C 1.0 None None
detected detected

Potato chips 1.6 3.64 0.15
0.9-1.9 3.45-3.94 0.12-0.18

* Dry matter basis.

•** Mg. malonaldehyde/1,000 g. dry matter.
•*44 Range of values.
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differentiation between the concentration of butyrdidehyde and crotorn-

aldehyde, bu4 - the total carbonyl was within 5 per cent of the correct

value. We reco~miend that the accuracy of the method should be checked
for each individual food type for each new application. The method is

simple and fairly rapid, and would be of definite value if 1t should
prove to give good results for total carbonyl, even though it might

not accurately differentiate between the concentrations of saturated and
unsaturated carbonyls.

The thiobarbituric acid number (TBA) determination would appear
to be of lit-ole usefulness since the results were so low. The results

may have been a result of inadequate extraction. Kwan and Watts25/

suggest that water is an adequate solvent for preformed malonaldehyde in

foods. The procedure of Sidwell et al. may not-extract all the malon-

aldehyde from the benzene solution. TorladgisL6/ used a distillation
method. The optimum method of extraction should be investigated because
the reaction of oxidized fats with thiobarbituric acid has been applied

to the evaluation of a number of different products, a few of which are

fish oils (deKoning and Sil2lZ/), fats and oils (Jacobson, Kirkpatrick,

and Goff 2 8 /) and raw meats (Keskinel, Ayres, and Snyder29/).

9. Quantitative Changes Associated with Browning Reaction; Reducing
Sugar and Amino Nitrogen Content

a. Method: The reducing sugar determination is discussed in

Section II, B-3, on pp. 31 and 32. Amino nitrogen was determined on a
water slurry of the food bar by the Van Slyke method..__0/ The only modi-

fication of the procedure of the AOAC was to use, instead of a water ex-

tract, a water slurry, prepared by homogenizing in a Waring Blendor, a

food bar or its equivalent in 100 ml. of distilled -rater. This homogen-

ization facilitates the determination of amino nitrogen from the water-

insoluble protein as well as from the water-soluble components. An

aqueous solution of glycine was used as a standard. Recovery of amino

nitrogen from glycine added to beef samples was within 5 per cent of the
calculated value.

b. Results.:.. -Table XVI is a tabulation of the amino nitrogen

content of the various test food bars. The beef bars contained an

average of 5.2 to 5.7 mg/g. The pea, nonfat milk solids and potato

chip bars contained between 4 and 5 mg/g, while the cereal and date bars

contained less than 1 mg/g. The changes with storage are discussed in

Section III.
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OAB*F CXVI.C
AII• TTF; I .o:..: , .......... FOOD BA>.

Amino Nitrogen, m,/gg
Food Ear Avgz. Value Range

Beef, low moisture 5.50 S.10-5.S9

Beef, high moisture 5.60 4.68-6.07

Beef, w/sorbitol 5.18 4.71-5.71

Beef, w/mono-,diglycerides 5.73 5.03-6.43

Dates, low moisture 0.13 0.09-0.15

Dates, high moisture 0.18 0.13-0.31

Dates, w/acetyl glyceride
coating 0.43 0.36-0.47

Peas, low moisture 4.13 3.35-4.90

Peas, high moisture 4.31 3.89-5.03

"ý ereal, Lor moisture 0.35 0.27-0.40

Cereal, high moisture 0.37 0.30-0.43

Nonfat milk solids 4.10 5.63-4.43

Potato chips 4.76 4.51-5.13

* Dry matter basis.
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I . Icrobiological Determi nations

1. Total Aerobic Plate Counts

a. 7,e'. ýd: fotal aerobic plate counts, coliform plate counts

and anaercbi2 Lre counts were made according to procedures in "Recom-

mended Methods for the Microbiological Examination of Foods."_3_/ Three
1:10 dilutions were prepared for each type of food bar, uning five barz

for each 1:10 slurry,'. Five plates were poured for eqcli slurry at dilu-

tions of 1:100, l:l,000, and 1:10,000 for the aerobic plate counttG. The
reported court was based on the ýiDition which gave the most reliable

co'unt per plate.

b. Results: The microbiological counts are summarized in

Table XVII. The tal aerobic plate count for the beef bars was about
100/g, and the next highest were the cereal bars with 500-700/g. The
aerobic count on the date bars was considerably greater, 5,000-6,000,
for the high and low moisture groups and particularly those with acetyl

glyceride coatings, about 23,000. A high proportion of the colonies

were mold and yeast. The pea bars had a rather high count, averaging
12,000-20,000/g, while the nonfat milk solids and potato chip bars
averaged 3,000-4,000/g. The higher moisture group of the date, pea,
and cereal bars had higher counts than did the lower moisture group.

2. Coliform °und Atiaerobic Spore Count

a. Method: Five plates were poured for each slurry at dilu-
tions of 1:10 and 1:100 for the coliform and anaerobic spore counts. We
found that an evacuated desiccator or Brewer's jar was better for the

anaerobic spore count than trying to maintain anaerobic conditions by
overlaying with -rperobic agar. No difficulties were experienced with

these prescribed proceduies.

b. Results: The c~lifori iounts were 10 or less per gram for
all but the nonfat milk solids bars which averaged 80/g. The anaerobic
spore counts were also low except for the high moisture dates and the
nonfat milk solids.

The effect of storage on the bacteriology of the compressed
food bars is discussed in Section III.
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TABLE XVII

THE BACTERIOLOGY OF COMPRESSED FOOD DARS

Total Aerobic Coliform Anaerobic
Count Count Spore Count

Food Bar (number/gram) (number/gram) (number/gram)

Beef, low moisture 0.1* 0 0
0-2.0** - .

Beef, high moisture 0.1 8 13
0-0.2 0-14 4-20

Beef, w/3% sorbitol 0.1 3 0
0-0.1 0-30 -

Beef, w/mono-,diglycerides 0.1 0 0
0-0.1 - -

Dates, low moisture 5.5 0 5
3.4-8.4 - 0-20

Dates, high moisture 6.5 *- 3 38
2.5-9.6 0-10 0-70

Dates, w/acetyl glyceride

coating 13.6*x* 0 3
12.2-15.2 - 0-20

Peas, low moisture 11.7 3 9
7.3-20.1 0-10 0-40

Peas, high moisture 20.1 3 0
13.0-33.3 0-10 -

Cereal, low moisture 0.5 0 5
0.3-1.0 - 0-20

Cereal, high moisture 0.7 3 4
0.2-1.3 0-10 0-20

Nonfat milk solids 3.2 80 55
1.6-5.7 20-190 10-110

Potato chips 3.7 0 0
2.0-5.7 - -

* Times 103.

* Range from three slurries, three plates -',-r slurry.
* High percentage of yeast.
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III. TIHE FFFECT OF S0roGE ON COMPRESSED FOOD BAR CHaRACTERISTI7S

A. Method

Approximately 200 bars of each variety were packaged and stored
under four different conditions for three months, after which they were
checked for the parameters discussed in Section II. The packaging and
storage conditions were as follows:

I. Air-peeked in sealed can, stored at 100'F.

2. Vacuum-packcd, stored at 1000F.

3. Air-packed in scaled can, cycled between 00 and 40 0 F,
three cycles per week.

4. Stored at 70 0 F, exposed to air at 40 per cent R.H.

The bars were packed about 40 each in 1-lb. coffee cans, The vacuum-
packed were evacuated to 29 in. of mercury vacuuir, to attain a P0 2 Of
1 mm. or less. The actual oxygen tension was not determined. At the
barometric pressures encountered, the pO2 of the air-packed cans came
within the range of 135 - 145 mm. Hg. The pea bars were packaged in
foil laminate pouches, seven to cight bars per pouch.

After three months in storage, the bars were tested by the
procedures outlined in Section II. At least three bars from each storage
ccndition were tested for the various physical characteristics. For
most of the chemi il determinations and water activity, four to five bars
from separate cans were crushed and mixed and an aliquot removed for
analysis. -Five bars were used to prepare one slurry from each storage
condition for the bacterial counts.

B. Results

The results of tests on the stored bars are summarized in
Appendix A. There were no major changes in the apparent true density or
apparent porosity of the food bars under any of the storage conditionsi,
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imposed, Tables A-I and A-II. The porosity apparatus, which was broken
before the beef bars were removed from storage was not repaired becauzoc

its inaccuracy made it not worth the trouble. Therefore, data for the

stored beef bars were not obtained.

The uncoated high moisture dates, and the high moisture dates

coated with acetyl glyceride, when stored at 100*F, became very soft.

This was reflected in the lowered hardness and shear values as shown in

Tables A-III and A-IV. The shear and hardness values of these same bars

were increased by three months' storage cycling between 0° and 40°F.

Other than some small changes in the pea bars, the 100°F and 0° - 40°F

cycling storage had had little effect on the hardness and shear values

of the various test bars. Exposure to air and 40 per cent R.H. at 70°F

tended to increase the hardness and shear of the beef bars. This-effect

seemed to be in the meat fibers rather than the over-all bar structure.

The high moisture date bars lost moisture to the 40 per cent R.H. atmos-

phere, and their hardness and shear values tended to increase with

storage while the values for the pea bars tended to decrease. The hard-

ness values of the cereal bars were increased with storage under these

conditions, but shear values were not affected. The potato chip bars

were unaffected by the exposure to air at 40 per cent R.H., while the

shear value of nonfat milk solids bars was increased.

The impact resistance, Table A-V, of the beef bars, cereal

bars, and the potato chip bars was unaffected by any of the storage con-

ditions. The value for pea bars stored, either air- or vacuum-packed,

at 100°F or cycling between 00 - 40°F, was lower than the initial value,

but exposure to air and 40 per cent R.H. at 70"F had no effect. Al-

though the change was small, the impact resistance of nonfat milk solids

bars exnosed three months to air and 40 per cent R.H. was greater than

either the initial value or the values for the other three storage con-

ditions.

The test bars made from nonfat milk solids were not tested for

dimensional stability after storage. With the exception of the cereal

bars and the date bars, exposure to air and 40 per cent R.H. for three

months decreased the dimensional stability at 100°F of the compressed

food bars, Table A-VI-A. All date bars under these conditions and the

low moisture date bars, when stored at 100°F and cycled between 0° and

40 0 F, had greater resistance to deformation than when first prepared.

The high moisture date bars exhibited less dimensional stability when

* stored under the latter two conditions. The three months' storage at 0O°F

and cycling between 00 and 40°F did not noticeably change the dimensional
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stability of the beef, pea, cereal, or potato chip bars. Only the date
bars were tested for dimensional stability at 40°F, Table A-VI-B. The

100*F storage had a definite detrimental effect on the two high moisture
bars, but had no effect on the low moisture bars when they were sub-

jected to 5 psi for 24 hr. at 400 F. Dimensional stability was good at

40*F for all the date bars stored under the 00 - 40"F temperature

cyclirg and in air at 40 per cent R.H.

The effects of storage on cohesiveness are summarized in Table

A-VII. No values were obtained on the stored beef, cereal or potato

chip bars for cohesiveness because holes could not be drilled for mount-

ing without the bar cracking or falling apart.' The high moisture date

bars were adversely affected by the 100*F storage, but the low moisture

date bars were not. All the date bars had higher cohesiveness values

when stored under temperature cycling and the loss of moisture to the

40 per cent R.H. atmosphere caused the high-moisture date bars to im-

prove in cohesiveness. The fresh, low moisture pea bars had a 4.9 co-

hesiveness value, but exposure to 40 per cent R.H. dropped the value to

0; otherwise, storage had no effect on their cohesiveness. The pressure

exerted on the evacuated foil laminate pouches in which the pea bars were

packaged caused the high moisture pea bars, to have a good cohesiveness
value after three months at 100"F. Tf they had been packaged in cans,

the value probably would have been 0 or near 0. The nonfat milk solids

bars showed little change after storage, but there was some increase

in cohesivencss by bars exposed to the 40 per cent R.H.

The water dispersion time for beef bars was unchanged by

storage (Table A-VIII). Storage condition had no consistent effect on
the dispersion time for date and cereal bars. Only 1 min. was required

for dispersion of pea bars exposed to air and 40 per cent R.H., compared

to initial values of 23 and 6 min.., respectively, for 16w and high mois-

ture pea bars. The other storage conditions had little effect on the

dispersibility of the low moisture pea bars, but the consolidating effect
of the external pressure on the foil laminate pouches was reflected in

the increase in dispersion for the 100°F vacuum-packed, high moisture

pea bars. Storage, especially the exposure to 40 per cent R.H., in-

creased the dispersion time for the nonfat milk solids bars.

Although the wet and dry bulb temperatures in the constant

temperature-humidity storage cabinet indicated a relative humidity of

40 - 45 per cent, the results shown in Table A-IX indicate that the

chamber was at about 50 - 55 per cent R.H. The water activity of all

the bars stored in the chamber, except the low moisture beef bars,
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ranged from 0.49 to 0.60. The water activity of the bars stored 'znder

the other three storage conditions in sealed containers did not differ
appreciably from the value for the freshly prepared bars.

Permeability times, summarized in Table A-Xj were not affected

by storage with the exception of one group of the high moisture peas and

the nonfat milk solids. The increase in permeability time for the
vacuum-packed high moisture peas stored at 1000F is undoubtedly due to

the consolidating effect of external air pressure on the flexible pack
and consequently on the bars, themselves. There was some variation in
the times for the nonfat milk solids bars, but these general conclusions

can be made: storage at 100°F had little influence; the alternate
freezing and thawing evidently caused some localized condensation and
consequently plugging of pores so that the permeability time was longer
after three months than for the fresh bar. Exposure to air and 40

per cent R.H. lowered the permeability time slightly.

Table A-XI shows the effect of storage on moisture content of

the various food bars. The slight difference between the initial mois-

ture values and the values for the bars stored in closed containers,

both groups stored at 100°F, and the cycling temperature group, are un-
doubtedly due in part to sampling as well as analytical variability.

However, in no case is the difference suffic:ent to warrant a conclusion
that storage had any significant effect on moisture content. The mois-

ture level of the bars stored in the constant temperature-humidity
cabinet could have been predicted from the equilibrium relative humidity
curves, Figs. 5 - 10. The actual moisture values indicate, as did the
values for water activity, that the relative humidity was slightly

greater than the 40 - 45 per cent indicated by the temperature sensors.

The free and bound lipid values for the stored bars are given
in Tables A-XII and A-XIII. The fat analysis of dates without acetyl
glyceride coatings and of the nonfat milk solids was not repeated after

the three months' storage. There were no changes in free lipid content

due to storage. The apparent bound lipid content of the pea, cereal,
and potato chip bars did not change, but there were some definite changes
in some of the beef bars. There was a tendency for the bound lipid

level of the beef bars to be higher after the three months' storage.

Whether these higher results were due to a change in some component, thus
rendering it soluble in the chloroform:methanol solvent, is not known.

These results indicate that determining total lipid or weight loss after
simple chloroform:methanol is not a reliable method.
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The reducing sugar content of bars stored at 100*F (see Table
A-XIV) lessened during storage. This trend is particularly noticeable

in the date bars, the greatest changes being in the high moisture groups.

The reducing sugar content of the nonfat milk solids bars also showed

a defirite decrease when they were stored at 100*F. Air-packed bars

cycled between 00 and 40°F underwent no change in rieducing sugar con-

tent. Storage in air and 40 per cent R.H. generally had a lowering

effect on reducing sugar content, but the effect was not as pronounced

as with the 100*F storage.

Storage had no effect on the pH of a water slurry of the

various food bars, Table A-XV, with the exception of the high moisture

cereal bars. Although taste testing was not a requirement of the con-

tract, most of the bars were so tasted. The high moisture cereal bars

had a definite soapy taste following storage. Hydrolytic changes in

the fat had evidently occurred and was reflected in the lowered pH of

the water slurry, particularly for those bars stored at 100F.

The effect of three months storage on the water-soluble frac-

tion is sunmnarized in Table A-XVI. The water-soluble fraction of the

beef and pea bars was unaffected by storage. The date bars coated with

acetyl glycerides were reduced slightly in their water solubility by

the storage period but the uncoated date bars were unaffected. The

cereal bars and the nonfat milk solids bars al'o" had slightly lowered

water-soluble fractions after the storage period while that of the

potato chip bars was about 5 per cent greater than initially.

The equilibrium relative humidity data are presented in tabu-

lar form in Table A-XVII. With the exception of the bars stored in air

and exposed to 40 per cent R.H., the equilibrium moisture content at the

various relative humidities was essentially unaffected by storage. An

imperfect hysteresis is seen in some of the bars exposed to the 40 per

cent R.H. The beef bars thus stored lost moisture to the atmospheres

of 42.8 per cent or lower relative humidity. They tended to come to

equilibrium at slightly higher moisture levels than did the fresh bars;

however, at the 80.7 per cent R.H. the equilibrium moisture contents

were about the same as for the fresh bars. Also, the nonfat milk solids

bars stored exposed tO air and 40 per cent R.H., tended to reach slightly

lower moisture levels than initially except at the high relative humid-

ity. The other bars thus stored showed little change from the fresh

condition. Complete sets of data were not determined for the date bars
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because of the long time needed. The effect of storage on the rate of

equilibration to 40 per cent R.H. was not checked.

Thiobarbituric acid numbers were not determined for any of the

stored bars, but peroxide number, Table A-XIII, and carbonyl content,

Table A-XIX, were determined as quantitative aspects of oxygen uptake.
The freshly prepared beef bars had peroxide numbers of about 20. These

numbers decreased during the three months to about one-fourth to one-

half the original value. The peroxide number of the stored cereal bars
and potato chip bars was very low. Dates, peas, and nonfat milk solids

were not analyzed for peroxide number. Carbonylcon!3nt was determined

only on the beef, cereal and potato chip bars. The values for all these

bars were somewhat Variable but in no case was there a very large devia-

tion from the initial values obtained on the freshly prepared bars.

The effect of storage on reducing sugar content was presented

in Table A-XIV. The other factor measured incident to browning reaction

was the amino nitrogen content, which is summarized in Table A-XX. There

was little change with storage of the amino nitrogen content of the beef

bars, except the level in the bars stored in air and exposed to 40 per

cent R.H. was slightly lower than in the fresh bars. The date bars showed
an over-all trend to higher values after storage, although the acetyl
glyceride coated group was a little lower than the initial value. The

amino nitrogen content of the stored pea bars was almost twice the in-

itial values, whereas the concentration in the nonfat milk solids bars
was about two-thirds the initial value. The amino nitrogen content of

the potato chip bars was slightly lower following the storage period.

Subjectively the date, pea, cereal, and nonfat milk solids bars had
undergone visible browning in the 100°F storage groups. Little change

in color could be seen for those bars stored in the air or under condi-
tions of temperature cycling. Calculation of the molar change in re-

ducing sugar and amino nitrogen for some of the bars shows that 1 mg. of
amino nitrogen is equivalent to 7 x l0-5 mole and 1 per cent reducing

sugar is equivalent to 6 x l0-5 mole/g. Thus, for nonfat milk solids

air-packed and stored at 100*F, there was a reduction in reducing sugar

of 18.6 x l0-5 moles and in amino nitrogen of 12.5 x l0-5 moles. These

results are in good agreement with the concept that there is a condensa-

tion of sugar and amino nitrogen during nonenzymatic browning.

The effects of storage on the bacteriological picture of the

compressed food bars are summarized in Tables A-XXI, A-XXII, and A-XXIII.

With the notable exception of the low moisture peas and the potato chip
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bars, the total aerobic plate count of most of the bars stored for tbree
months at 100°F was lower than the c•oinmt on the fresh bars. The high
counts for the high mcist-urK'- beef', pea, and cereal bar, ctored with
cycling temperature indicate there may have been some freezing and
thawing with sufficient condensation at times to permit some bacterial
growth. With the exception of the low moisture dates and the nonfat
milk solids bars, the counts for the groups exposed to air and 40 per
cent R.H. were lower than the initial counts. The covering of one of
the fou_. nonfat milk solid- cans was touching the top layer of bars,
and had evidently promoted localized moisture transfer and resultant
mold growth. No other incidence of mold was noted for the samples
stored in the constant temperature humidity cabinet. The initial coli-
form count was low for all bars but the nonfat milk solids; conse-
quently storage under all conditions generally had no effect on the
coliform count. The high moisture beef stored under temperature cycling
did have a high coliform count as did the low moisture dates stored under
the same conditions, again an indication that conditions suitable to
support bacterial growth may have occurred.

The coliform counts for the nonfat milk solids fell some but
to not less than one-fourth of the original count. The nonfat milk
solids had a high anaerobic spore count after storage when compared to
other bars. This count is a reflection of the high initial count, as
most of the other bars had low initial counts and either very low or 0
after storage.

The oxygen uptake of the bars is given in Table A-XXIV. The
beef, acetyl glyceride coated dates, cereal, and potato chip bars had a
slower rate of oxygen uptake; consequently a lower total uptake, after
the three months' storage than did the freshly prepared bars. The
rate of uptake by the stored pea and milk bars was about the same as the
fresh bars. Samples of high and low moisture date bars from all the
storage conditions were not run, but the rate of uptake was greater
than initially for all the samples tested. The bars stored exposed
to air and 40 per cent R.H., generally had a higher rate of uptake than
did the rest of the stored bars, particularly the beef bars and the non-
fat milk solids bars. Bacteria may have contributed to this result.
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IV. PREPARATION OF TEST-COikRESSED FOOD BARS

Following is a brief description of the preparation of each
'ype of food bar. A list of the individual ingredients and their sourcez

*s given in Appendix B.

The final rnixes were tableted in a Stokes R-1 press. The die

used yielded a food bar 1-1/4 in. square. A depth of fill was used to
yield bars about 1/2 in. thick.

A. Cooked, Freeze-Dried Ground Beef.

The dry ingredients of the beef bars consisted of 75 per cent
by weight of cooked, freeze-dried ground beef, and 25 per cent by weight
of dehydrated chicken broth. The beef was placed in a mixer and

moistened by the addition of 30 cc. of water per 100 g. of total dry
ingredients. The water was added slowly with mixing and the batch mixed
for several minutes after the addition of all the water. The dehydrated

chicken broth was then- added, in small increments and with mixing. The

final mix was placed in a closed container and allowed to temper over-
night, then tableted. The addition of sorbitol and mono- and di-

glycerides was made at the expense of the beef. After tableting, the
bars were placed in a forced air drier and dried to the desired moisture

level. The drier temperature was 110 ± 2°F.

Physically these bars were very porous and quite fragile.

B. Date Bars

As purchased, the moisture level of the dates was intermediate
between the two desired levels. The dates were torn apart, placed on

large trays and sprayed with a calculated amount of water to attain the
high moisture level. The low moisture level was attained by drying in
:i forced draft oven. The dates, with the moisture level adjusted, were
ground in a meat grinder through 1/8-in. plate, then rolled out .n
sheets 1/2 in. thick. The sheets were scored and cut out by hand. The

bars which required acetyl glyceride coating were dipped in a mixture
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of acetyl glyceride held at a temperature of about 700C. Excess coat-
ing was allowed to run off and the bars set aside at room temperature to
allow the coating to harden. 7The acetyl glyceride mixture consisted of
10 per cent Myvacet 9-40 and 90 per cent Myvacet 5-00.

C. Cooked, Freeze-Dried Pea Bars

Tne cooked, freeze-dried peas uere grourAn in a ,,Wiley mill.
The ground peas and sorbitol were mixed at the weight ratio of 90:10,
respectively. Water was thren added to the dry mix at the rate of
10 g/100 g of dry material, and the moistened mix tableted. Teflon
tape had to be used on t.e punches because the mix stuck to them. The
pea bars were not entirely satisfactory in that there was delamination

when dried.

D. Cereal Bars

Composition of the cereal bars was as follows: ground corn
flakes, 62 per cent; nonfat dry milk, 14 per cent; shortening, 10 per
cent; and sugar, 14 per cent. The ingredients were mixed and then
moistened just prior to tableting. Since a moisture level of 8 - 10
per cent was difficult to handle in the press, one batch was moistened
to about 12 per cent level and another to about 6 per cent and the re-
sulting bars dried to the desired moisture le'.els. These bars were
crumbly and difficult to handle.

E. Nonfat Milk Solids Bars

The freshly opened nonfat milk solids were mixed with 0.5 per
cent by weight of magnesium stearate and tableted. The magnesium
stearate served as a release agent. The bars tended to hang in the die
during the ejection step and would split badly when the release agent
was used.



F. P•otato Chip Bars

Commercially available potato chips were ground to a particle
size of 1/8 in. or less in a Labconco laboratory mill. Dehydrated
chicken broth was mixed with the ground potato chips at a level of 1^
per cent by weight and then water at the rate of 5 g/lO0 g of mixture.
The moistened mixture was then tableted on the Stokes R-i press at a
pressure which would give a compact bar but a minimum of fat loss.
They were then dried about 4 hr. at l00¶F in a forced draft oven,
allowed to cool and packaged.

V. CONCLUSIONS AND ECO•,CATiOUS

Satisfactory methods are outlined and were used to quantita-
tively measure the following characteristics of compressed dehydrated
food bars: (a) hardness; (b) shear; (c) impact resistance; (d) dimen-
sional stability; (e) cohesiveness; (f) dispersibility in water; (g)
water activity; (h) permeability to gas; (i) moisture content; (j) free
lipid content; (k) pM; (1) water-soluble fraction; (m) equilibrium
relative humidity curve; and (n) rate of equilibration to 40 per cent
R.H. The methods used for surveying the bacteriology of the food bars,
specifically the total aerobic plate count, coliform count, and an-
aerobic spore count, were also found to be reliable. The results were
found to be reproducible when the tests were performed in the prescribed
manner by different technicians.

The determination of bulk density as performed in this project
was satisfactory, but accurate true densities could not be determined be-
cause of incorrect results for porosity. We recommen' that porosity and
true density be calculated in conjunction with the use of the air com-
parison pycnometer to determine the true volume of solids. The pro-
cedure outlined herein for determining stickiness with the Du Nouy tensi-
ometer may be too sensitive. A series of foods should be rated by both
a test panel and the tensiometer to see if the method seems useful. The
food bars were found to be inelastic and only for certain types of com-
pressed food bars does it seem that elasticity is applicable.

A chloroform:methanol solution, 2:1 volume ratio, was found to
extract nonlipid materials from the food materials tested. Consequently,
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bound lipid values calculated by subtracting the free fat from the total
fat, which was taken as the weight loss due to chloroform: methanol ex-
traction, were inaccui-ate. Tne modification suggested of' extracting the

chloroform:methanol extract with •,ater to remove water-soluble components
and subsequent evaporation of the organic solvent and veighing of the

lipid residue should orove to give satisfactory results. The accuracy
of using the outlined method of determining redu-ing sugars present in

small concentrations in foods should be further investigated. The

method used gave readily duplicable results for nonfat milk solids and
dates, both in replicate samples by the same technician and by differ-

ent technicians.

Measuring oxygen uptake by means of the Warburg respirometer

was satisfactory under the conditions employed. However, the method
should be correlated with conditions normally encountered, such as at-

mospheric oxygen tension instead of nearly pure oxygen and other temper-
atures than 50"C. The three determinations performed as indices of
chemical change due to oxygen uptake, peroxide number, carbonyl content,

and thiobarbituric acid number, should also be correlated wvth the amount
of oxygen uptake. For reasons pointed out in the discussion of the
respective determinations, the accuracy of the carbonyl and thiobar-
bituric acid determinations should also be further investigated. There
may be other indices of change incident to oxygen uptake than the ones
we have employed. The relation of oxygen uptake to stability of foods
needs more thorough investigation.

The determination of amino nitrogen by the Van -lyke mano-
metric method was found to be reliable, and results were easily dupli-

cated by different operators after some practice with the machine.
However, changes in amino nitrogen and reducing sugar contents were not
easily correlated in relation to browning. The analysis of a larger

number of samples may have aided in this respect.

Three months' storage of the test bars did not result in any
great changes in most of the parameters studied. Density and porosity

were essentially unaffected by any of the storage conditions. Except

for the date bars, hardness, shear, impact resistance, cohesiveness, and
permeability were practically unaffected by the storage condition used.

The date bars tended to soften considerably when stored at 100'F. The

three months' exposure to air and 40 per cent R.H. did produce some

noticeable changes in the values for these characteristics in some of the

- 66 -



food bars. Water dispersitility was not c.!_n.ed appreciacy ty.

nor was water activity for those bars sealed from th.e-. atmosp-ere. Fn.s

exposed to the 40 pe-r cent , eqPid.ratd t:o a waer qr*Ivit'. and

moisture content compatibtle with that level of celr-tivze huýmidIt,. .

moisture content of the bars in the sealed containers did not change

with storage. Of the chemical characteristics studied, some small1.
changes were noted in some instances in reducing- uad 7 C no
nitrogen ccntent. Some noticeabie brownin.- had occurred int date•, peas,
nonfat milk solids, and cereal bars which could be related to c-an.z

i.- reducing s,,gar and amJ.o nitrogen content

The bacterial population tended to decrease with storage.

There were indications that storage wit- alternating freeze-thaw cycles

may provide conditions suitable to promote bacterial growth.
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APPEITDIX A

RESULTS OF OBJECTIVE NMEASUEM•=TS OF STORED COMPRESSED FOOD BARS
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TABLE A-I

A.PPARENT MAUE DENSITY EA SUREIENTS OF COMPP•ESSED FOOD BARS

STORED FOR TH•EE MONTHS

(granms per cubic centimeter)

Packaging and Three-Month Storage Condition
Air Vacuum Air Air

Food Bar Fresh (Q000 F) 10•0- (0-400F) (IOI R.H.,700°)

Dates, low moisture 1.25 i.22 0.89 1.22 1.17
Dates, high moisture 1.23 1.20 i. 1.15 1.20

Dates, w/acetyl
glyceride coating 1.20 -- - -

Peas, low moisture 1.04 1.08 1.06 1.02 1.01
Peas, high moisture 1.00 0.95 1.04 0.90 0.93

Cereal, low moisture 1.19 1.18 1.22 1.21 1.19

Cereal, high moisture 1.16 1.16 1.16 1.15 1.16
Nonfat milk solids 1.33 1.34 1..2 1.33 1.31

Potato chips 0.89 0.84 0.86 0.84 0.8a
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"IABLr A-f!

APPARZT POROSITY PflzxuEr M31T•S OF COIVPECSSED FOOD PAPS
.TOPE•D FO TREEMUH

(pore volume as per cent of bulk volume)

Packaging and IThree-Month Storage Condition
Air Vacuum Air Air

Food Bar Fresh '100 0F" (.Q0 ?) "0400F) (4O0jF , )

Dates, low moisture 3 6 4 3 3
Dates. high moisture 5 6 4 3 5
Dates, w/acetyl
glyceride coating E ....

Peas, low moisture 35 36 35 35 32

Peas, high moisture 33 34 31 33 32

Cereal, low moisture 24 25 26 27 27

Cereal, high moisture 24 24 24 27 23
Nonfat milk solids 21 21 21 21 16
Potato chips 21 22 24 21 23
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TABLE A-TIl

HARDNESS EASSUREMENTS (POMUDS) OF COMPRESSED FOOD BARS
STORED FOR TFHREE MONTHS

Packaging and Three-Month Storage Condition
Air Vacuum Air Air

Food Bar Fresh (ov) (1000 F) (0-400F) (40% R.H.,7 0 F)

Beef, low moisture 5 6 6 8 12

Beef, high roisture 5 6 5 5 13

Beef, w/sorbitol 4 4 4 4 8
Beef, w/mono-,
diglycerides 5 4 4 4 3

Dates, low moisture 23 20 13 29 20

Dates, high moisture 4 <1 0 10 9
Dates, w/acetyl
glyceride coating 5 0 0 7 10

Peas, low moisture 61 > 70 > 70 57 61

Peas, high moisture 52 42 > 70 38 33

Cereal, low moisture 16 14 17 19 26

Cereal, high moisture 19 25 26 20 23

Nonfat milk solids > 70 > 70 > 70 > 70 > 70

Potato chips 14 13 14 15 11
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TABLE A-WV

EFFECT OF THREE-I401THS' STORAGE O1 ShEAR VALUES (Pcu.=s)
OF (COMPRE'SSED FOOD PARS

Packaging and Three-Month "t.rag. Condition
Air Vacuum Air Air

Food Bar Fresh (100*F) (100-F) (0-40 0F) (4O§RS.H._,7O 0F)

Beef, low moisture 3 3 4 2 5
Beef, high moiature 3 2 4 3 7
Beef, w/sorbitol 2 2 1 2 6

Beef, w/mono-,
diglycerides 2 2 2 2 4

Dates, low moisture 27 24 18 35 21
Dates, high moisture 5 1 1 14 13
Dates, w/acetyl
glyceride coating 6 1 0 8 12

Peas, low moisture 41 39 43 -6 27
Peas, high moisture 38 25 43 25 22

Cereal, low moisture 6 5 6 9 6
Cereal, high moisture 8 12 12 6 8
Nonfat milk solids 42 52 40 60 53

Potato chips 10 10 12 8 7
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TABLE A-V

EFFECIT OF Tf"i-4Oc:ThS STORAGE O1 1 IME )ACT RESISTANCE
OF COIPIESSED FOOD BARS

(inch-pounds of force to cause shattering)

Packaging and Three-Month Storage Cond f.tion
Air Vacluurm Air Air

Food Bar Fresh (100 0 F) (100F) (0-40"F) (4o R.H.,70 0F)

Beef, low moisture 0.5 0.5 0.5 0.5 1.0
Beef, high moistutre 0.5 0.5 0.5 0.5 1.0
Beef, v/sorbitol 0.5 0.5 0.5 0.5 1.0
Beef, w/mono-,
diglycerides 0.5 0.5 0.5 0.5 1.0

Peas, low moisture 9 4 4 5 13
Peas, high moisture 12 5 10 4 10
Cereal, low moisture 1.5 1.0 1.0 1.5 1.5
Cereal, high moisture 1.5 1.5 1.5 2.0 1.5
Nonfat milk solids 0.6 0.5 0.5 0.5 3
Potato chips 1.5 1.0 1.0 1.0 1i0
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TABLEv A-VI-A

EFFECT OF ThE-O "hT ~TORAGE c-:' Th *IX~CA' AJCT- TIriW

OF C0I.PES5ED FOOD BAR-

(per cent deformation under 5 psi for 24 hr. at 100*F'

Packaging and Three-Month Storsge Condition
Air Vacuum Air Air

Food Bar Fresh (100'*F (1000  (O-40"F) (40% R.H.,70-F)

Beef', low moisture < 1* 1 1 4
5** 7 6 8 19

Beef, high moisture 3 4 3 4 12

11 12 Ii 14 26

Beef, w/sorbitol I 1 < 1 < 1 19

5 5 6 4 30

Beef, w/mono-,
diglycerides < 1 1 < 1 2 7

5 2 2 8 21

Dates, low moisture 49 26 18 2 17
34 21 33 8 18

Dates, high moisture 146 167 168 i56 110

59 66 66 66 59

Dates, w/acetyl
glyceride coating 157 196 251 173 99

64 65 70 68 55
Peas, low moisture < 1 3

1 2 1 7
Peas, high moisture < 1 o < 1 3 5

8 3 5 17

Cereal, low moisture < 1 < 1 2 4

2 2 4 2 4

Cereal, high moisture 14 4 4 9 4
16 9 10 13 4

Nonfat milk solids
Potato chips -.7 2 4 4 10

12 9 10 13 21

* Per cent deformation in lateral dimension, upper figure.

** Per cent deformation in thickness, lower figure.
*** No change.

**** Not tested.
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TABLE A-VI-B

EFFECT GF THREE-MONTHS' STORAGE ON THE DIMENSIONAL STABILITY
OF COMPRESSED FOOD BARS

(per cent deformation under 5 psi for 24 hr. at 40 0F)

Packaging and Three-Month Storage Condition
Air Vacuum Air Air

Food Bar Fresh (1000F) (1000F) (O-4 0 °F) (40% R.H.,70 0 F)

Dates, low moisture 4 * *
5 1- 8 3 1

Dates, high moisture 4 39 29 3 < 1
8 24 30 4 2

Dates, w/acetyl
glyceride coating 2 16 96 2 1

4 15 45 3 2

*No charge.

TABLE A-VII

EjIfCT OF STORAGE ON THE COIESIVENESS
OF COMPRESSED FOOD BARS

(pounds of force to pull bars apart)

Packaging and Three-Month Storage Condition

Air Vacuum Air Air

Food Bar Fre (100F) 0 (-40 0F) (41 R.H.,700F)

Dates. low moisture 4.8 8.8 3.8 10.5 4.5
Dates, high moisture 0.0 0.0 0.0 5.3 2.5
Dates, w/acetyl
glyceride coating 1.2 0.0 0.0 2.5 Z.3

Peas, low moisture 4.9 3.0 4.6 5.1 0.0
Peas, high moisture 0.0 0.2 6.6 0.0 0.0
Nonfat milk solids 12.0 14.8 9.2 14.0 16.5
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TABLE A-VIII

EFFECT OF THFEE-MONTHS' S'ITAGY ON T' 7-.T .WAT... DIS _,P.....

OF COIýIBESLýDT FOOD BARS

(minutes for dispersion in 10 volumes of water,
shaken at 140 t 10 '2trokez/minute)

Packaging and Three-Month Storage Cordition

Air Vacuum Ai v Air

Food Bar Fresh (i 0 r) (100 0 F) (0-400 F' _4"R. H OF

Beef, low moisture < 1 < 1 < 1 < 1 < I

Beef, high moisture < 1 < 1 < 1 < 1 < 1
Beef, w/sorbitol I < 1 <<1 < 1

Beef, w/mono-,
diglycerides 1 3 4 4 1

Dates, low moisture 420 260 360 390 370
Dates, high moisture 273 240 240 280 290
Dntes, w/acetyl
glyceride coating 288 315 285 405 360

Peas. low moisture 23 15 20 15 1

Peas, high moisture 6 < 1 20 12 < 1
Cereal, lw moisture 316 320 290 290 255
Cereal, high moisture 175 97 155 240 240
Nonfat milk solids 150 295 295 295 > 480
Potato chips • 480 460 > 480 > 480 > 480
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TABLE A-IX

EFFECT CF =!PFE-MOLITTfS' ]TORAGF ON THE WATER ACTIVITY
OF C0MPRESSED FOOD BARS

(activity at 250C)

Packaging and Three-Month Storage Cvndition
Air Vacuum Air Air

Food Bar Fresh (100°)F (100) (0740) (401% k.H. 70"F)

Beef, low moisture 0.05 < 0.05 <.05 < 0.05 0.42
Beef. high moisture 0.26 0.30 0.25 0.25 0.53
Beef, w/sorbitol 0.06 0.08 0.07 0M06 0.49
Beef, w/mono-, d[-
glycerides 0.06 0.06 0.07 U.05 0.50

Dates, low moisture 0.40 0.46 0.47 0.44 0.49
Dates, high moisture 0.53 0.54 0.57 0.56 0.57
Dates, w/acetyl
glyceride coating 0.57 0.54 0.56 0.58 0.60

Peas, low moisture 0.08 0.07 0.06 0.05 0.57
Peas, high moisture 0.36 0.41 0.41 0.38 0.55
Cereal, low moisture 0.18 0.24 0.21 0.18 0.55
Cereal, high moisture 0.62 0.66 0.66 0.67 0.54
Nonfat milk solids 0.12 0.14 0.15 0.17 0.56
Potato chips 0.40 0.44 0.44 0.43 0.48
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TABLE A-X

EYFECT OF TF E-MEI4TH8I' S'1IIPAGE ON PERMEABILI'2Y Ti•IF
OF COMPFESSD FOOD BARS

(seconds required to draw 50 cc. of air through bars)

Packaging and Thlree-Month Storage Condition
Air Vacuum Air Air

Food Bar Fresh (.00-F) (100-F) (0-40-F) (40% t.E.,70-7

Beef, low moisture 2.5 2.6 2.6 2.6 2.6
Beef, high moisture 2.3 2.5 2.6 2.5 2.8
Beef, w/sorbitol 2.4 2.8 2.6 2.8 2.8
Beef, w/mono-,
diglycerides 2.5 2.8 2.7 3.8 2.6

Dates, low moisture Nonpermeable
Dates, high moisture , onpermeable 0
Dates, w/acetyl
glyceride coating Nonpermeable 3

Peas, low moisture 13.8 20.5 20.5 14.0 21.5
Peas, high moisture 14.7 lQ.0 58.7 12.2 17.2
Cereal, low moisture 3.6 3.5 3.6 3.5 4.0
Cereal, high moisture 3.9 3.0 3.0 3.0 3.0
Nonfat milk solids 671 630 606 720 571
Potato c&'ps 2.4 2.5 2.5 2.8 2.6
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TABLE A-XI

EFFECT OF THREF-MONTHfS' STORAIGE ON IMOISTUPZ CONTENT
OF COCkVTRESSED FOOD BARS

(per cent)

Packaging and Three-Month Ztorage Condition
Air Vacuum Air Air

Food Bar Fret'. (!000F) (lO 0 °F) (0-40F) (40 .H.ý,. )

Beef, low moisture 2.1 1.8 1.8 1.9 9.0

(2.5)* (2.2) (2.2) (2.3) (10.7)

Beef, high moisture 6.4 6.1 5.4 6.5 J.2.2

(7.6) (7.2) (6.3") (7.8) (14.4)

Beef, w/sorbitol 1.6 1.2 1.1 1.2 10.3

(1.9) (1.4) (1.3) (1.4) (12.4)
Beef, w/mono-,
diglycerides 1.6 1.6 1.7 1.7 10.1

(1.9) (2.0) (2.1) (2.1) (12.4)

Dates, low moisture 9.6 9.2 9.2 8.8 12.4

Dates, high moisture 15.4 14.4 14.6 14.4 15.1
Dates, w/acetyl
glyceride coating 16.4 15.3 16.7 14.7 14.7

Peas, low moisture 2.4 2.3 2.3 2.4 11.2

Peas, high moisture 6.8 7.1 6.9 7.0 11.0

Cereal, low moisture 3.9 3.4 3.4 3.2 8.5

Cereal, high moisture 9.5 9.0 9.2 8.8 8.5
Nonfat m:lk solids 3.5 2.9 2.9 3.0 10.3
Potato chips 5.6 4.8 5.2 5.0 6.3

• Figure in parentheses on fat-free basis.
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EFFECT OF T7F t-14011 Thf2 STOPAý'F 0!4 =7F FAT ¢OI".ET
C-21 ,0 -

(per cent of dry matter)

ka nd Three-.tu ,tor',e #ordition
Air Vacuum Air Air

Food Bar Fres-h (.100 01) (100OF) (0-40,F, , F.H.. 7 ,F

Beef, >aw moisture 16.2 17.5 17.0 1L.0 15.6
Beef, high moisture 16.2 16.8 16.1 17.2 15.4
Beef, w/sorbitol 16.8 15.7 15.5 15.5 17.1
Beef, w/mono-,
diglycerides 17.6 18.1 17.5 17.6 18.3

Dates, w/acetyl
glyceride coating 1.9 2.3 2.9 3.0 2.8

Peas, low moisture 2.9 2.4 2.6 2.4 3.0

Peas, high moisture 3.2 2.9 2.4 2.1 3.1
Cereal, low moisture 14.5 14.6 14.2 14.2 14.1
Cereal, high moisture 13.9 13.6 13.7 14.1 14.4
Potato chips 31.8 31.3 27.6 31.7 25.2
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TABLE A-XIII

EFFECT OF TI-REE-i'NTihS' STORAGE ON APPARENT BOUn- LIPID CONITMIT
OF COMI4RESSED FOOD BARS

(per cent of dry matter)

Packaging and Three-Month Storage Condition

Air Vacuum Air Air

Food Bar Fresh (100"F) (100*F) (0-40 0F) (40% F.H.,70*F)

Beef, low moisture 4.4 6.3 9.0 8.7 9.2
Beef, high moisture 4.3 6.7 6.2 6.5 7.2

Beef, w/sorbitol 7.7 8.4 9.9 10.2 11.0

Beef, v/mono-,
diglycerides 7.6 6.4 7.5 7.1 9.4

Peas, low moisture 15.0 12.3 9.7 14.6 12.6
Peas, high moisture 11.4 12.6 13.2 10.3 15.3
Cereal, low moisture 3.0 3.0 3.7 2.1 2.4
Cereal, high moisture 3.2 1.4 1.6 2.5 1.8
Potato chips 0.5 0.9 0.1 0.6 1.3
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TAEKE A-XIV

EFFECT OF T}FL-MOLThS ' : .TUGAF.....

CF 771.777r:=- ... BOO AR-

(per cent glucose equivalent on dr:i- rinter han].si.

Packaging and Three-Month Storage Condition

Air Vac'uum Air r

Food Bar Fresh (1000F) (iO0F) (0-40`r) (Ap)

Beef, low moisture 0.24 0.22 0.19 0.22 0.16
Beef, high moisture 0.30 0.25 0.24 0.22 0.22
Beef, w/sorbitol 0.15 0.31 0.25 0.24 0.23
Beef, w/mono-,
diglycerides 0.20 0.26 0.27 0.24 0.25

Dates, low moisture 73.8 72.2 71.6 74.6 74.3
Dates, high moisture 77.5 67.8 65.8 76.2 73.6
Dates, w/acetyl
glyceride coating 78.0 70.1 73.5 77.3 77.0

Peas, low moisture 0.23 0.16 0.30 0.35 -
Peas, high moisture 0.38 0.27 0.17 0.31 -

Cereal, low moisture 6.4 6.2 6.4 6.4 6.2
Cereal, high moisture 6.6 6.2 6.0 6.2 6.2
Nonfat milk solids 26.3 23.2 24.2 25.2 27.2

Potato chips 0.15 0.20 0.20 0.22 0..19
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TABLE A-XV

EFFECT OF THREE-MONTHS' STORAGE ON THE pH OF A WATER SUSPENSION

OF C0MPRESSED FOOD BARS

Packaging and Three-Month Storage Condition (pH)
Air Vacuum Air Air

Food Bar Fresh (100-F) (100F) ( 0F) (40% F.H. ,70-F)

Beef, low moisture 5.7 5.7 5.7 5.7 57

Beef, high moisture 5.7 5.7 5.7 5.7 5.7

Beef, w/sorbitol 5.7 5.8 5.8 5.8 5.8
Beef, w/mono-,
diglycerides 5.7 5.8 5.8 5.8 5.8

Dates, low moisture 5.8 5.6 5.5 5.8 5.8

Dates, high moisture 5.8 5.4 5.4 5.9 5.8
Dates, w/acetyl
glyceride coating 5.6 5.5 5.5 5.8 5.9

Peas, low moisture 7.0 7.0 7.0 7.0 7.0

Peas, high moisture 7.0 7.0 7.0 7.0 7.0

Cereal, low moisture 6.4 6.2 6.2 6.4 6.4

Cereal, high moisture 6.4 5.9 6.0 6.2 6.2

Nonfat milk solids 6.5 6.5 6.5 6.5 6.5
Potato chips 5.8 5.8 5.8 5.9 5.9

- 86 -



TABLE A-XVI

EFFECT OF THREE-MONTHS' STORAGE ON THE WATFR-SOLU`BLE FRACTION

'F CIFZ FOOD EARS

(per cent of dry matter)

Packaging and Three-•onth Storage Condition
Air Vacuum Air Air

Food Bar Fresh (1000F) (100"F) (O-40*F (40% F.,i.,700F)

Beef, low moisture 27 27 28 29 29

Beef, high moisture 27 28 27 26 26

Beef, w/sorbitol 29 29 29 28 26
Beef, w/mono-,
diglycerides 29 29 27 27 28

Dates, low moisture 86 86 89 88 90

Dates, high moisture 89 86 86 87 8a

Dates, w/acetyl
glyceride coating 86 76 78 74 80

Peas, low moisture 41 42 41 41 39

Peas, high moisture 42 38 41 42 38

Cereal, low moisture 41 33 34 34 34

Cereal, high moisture 38 31 31 36 36

Nonfat milk solids 99 95 96 94 96

Potato chips 17 24 22 22 23
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TABLE A-YVII

EFFECT OF T{REE-MONTHS' STORAGE ON TIE ESUILIBRIUM-RELATIVE
HUMIDITY DATA OF COMPRESSED FOOD BARS

Atmosphere Equilibrium Moisture Content, %
Relative Humidity Air Vacuum Air Air

I resh (IO 0°F) (1000F) (O-40*F) (40% R.H.,700F)

Beef, low moisture

7.0 2.2 2.2 2.2 2.4 3.2

11.0 2.9 3.1 3.1 3.2 3.7
22.4 4.6 4.9 4.8 4.8 5.4
42.8 8.2 8.6 8.5 8.5 8.8

80.7 29.1 28.5 28.5 29.1 28.6

Beef, high moisture

7.0 3.0 3.0 2.9 3.3 3.3
11.0 3.6 3.4 3.4 3.7 3.9
22.4 5.0 4.6 4.6 5.1 5.4
42.8 8.4 8.3 8.3 8.7 9.0
80.7 27.9 29.4 29.3 28.4 28.5

Beef', w/sorbito!

7.0 2.4 2.1 2.1 2.5 2.8
11.0 3.0 3.0 3.0 3.1 3.5
22.4 4.6 4.8 4.8 4.9 5.1
42.8 8.5 8.5 8.7 8.8 8.9
80.7 28.9 29.9 29.2 29.8 29.4

Beef, v/mono-, diglycerides

7.0 2.6 2.4 2.4 2.5 3.0
11.0 3.0 3.1 3.2 3.3 3.6
22.4 4.9 4.8 5.0 4.9 5.2
42.8 8.4 8.3 8.3 8.5 8.8
80.7 29.6 28.0 28.2 28.8 28.6

- 88-

- - -- .-- ¢,-



TIABLE A-XVII (Continued)

Atmosphere E-uilibrium Moi t...re Conct.,
Relative Humidity Air Vac uum Air Air

Fresh G(lO0 F) (1000F) (0-400F) R.1i., 700F)

Datb -ý low" . ...

7.0 6.6
11.0 6.7
22.4 7.1

42.8 8.8 8.6 8.5 8.6 8.4
80.7 28.1

Dates, high moisture

7.0 7.9
11.0 8.0
22.4 7.9
42.8 10.3 9.5 9.3 i0.2 10.5

80.7 31.8

Dates, w/acetyl glyceride coating

7.0 7.8
11.0 7.8
22.4 7.9 6.6 7.5 7.5 7.5
42.8 10.1 9.8 10.6 10.3 10.5

80.7 54.3 30.2 29.8 30.0 28.4

Peas, low moisture

7.0 2.6 2.2 2.1 2.3 2.6
11.0 3.0 2.4 2.4 2.7 3.1

22.4 4.2 3.8 3.8 4.0 4.2
42.8 7.2 7.1 7.1 7.1 7.4

80.7 18.9 21.5 21.2 21.4 22.3
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TABLE A-XVII (Continued)

Atmosphere Equilibrium Moisture Content,
Relative Humidity Air Vacuum Ai. Air

W Fresh (O0F) j F (0-40. (4 R.H., 70 0 F)

Peas, high moisture

7.0 3.2 2.7 2.7 2.9 2.7
11.0 3.6 3.2 3.1 3.3 3.1

22.4 4.6 4.i 4.1 4.3 4.2
42.8 7.2 6.9 6.9 7.0 7.3
80.7 19.4 23.2 21.6 21.8 21.9

Cereal, low moisture

7.0 3.0 2.7 2.7 2.8 3.0

12.0 3.4 3.2 3.2 3.3 3.6
22.4 4.2 3.9 3.8 4.1 4.6

42.8 5.9 5.7 5.7 5.8 6.3

80.7 14.3 15.1 14.6 14.6 14.7

Cereal, high moisture

7.0 3.1 3.0 3.0 3.0 3.0
11.0 3.6 3.4 3.4 3.5 3.5

22.4 4.7 4.4 4.4 4.5 4.5
42.8 6.5 6.1 6.1 6.2 6.2

80.7 13.4 14.5 14.5 14.7 15.0

Nonfat milk solids

7.0 3.2 2.7 2.7 2.8 2.8
11.0 3.3 2.9 2.9 3.1 3.3

22.4 4.7 3.5 3.5 3.9 4.1
42.8 7.4 7.0 6.9 7.0 5.6

80.7 11.8 12.8 13.0 12.9 12.1
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TABLE A-XV(IT (Conciuded)

Atmosphere Eiiibri>.r. Mcisture Ccn- r.t, j.
Relative Humidity Air Vac Air r

MFres (100-F) (iOO-F) f.-4L0 F 4 (j H F)

lPota& o ,hir s

7.0 2.6 2.4 2.5 2., 2.,-

11.0 2.9 2.7 2.8 2.6 3.u

22.4 3.9 3.C 3.8 Z.6 4.2
42.8 0.5 4.8 5.2 5.1 5.9

30.7 15.2 IC.5 17.6 16.5 17.3

TABLE A-XVIII

EFFECT OF THREE-MONTHS' STORAGE ON THE PEROXIDE NUMIBER

OF COMPRESSED FOOD BARS

(milliequivalents peroxide per 1,000 grams dry matter)

Packaging and Three-Month Storage Condition

Air Vacuum Air Air

Food Bar Fresh (100-F) (L0F)2 (0-4 0 -F) (40% R.H.,7G"F)

Beef, low moisture 17.6 6.2 5.9 3.6 3.4

Beef, high moisture 19.7 4.4 6.0 0.2 9.6

Beef, w/sorbitol 24.4 5.1 9.5 5.3 6.8
Beef, w/mono-,
diglycerides 22.5 6.0 5.3 6.1 6.9

Peas, low moisture < i.0 - - -

Peas, high moisture < 1.0 - - -

Cereal, low moisture 3.4 1.4 2.0 0.8 0.0
Cereal, high moist-re 0.0 0.0 0.0 0.0 0.0
Nonfat milk solids < 1.0 - - -

Potato chips 1.6 0.0 0.0 1.0 1.5
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TABLE A-XIX

EFFECT OF THREE-MONTHS' STORAGE ON THE CARBON'YL CONTENT
OF COMPRESSED FOOD BARS

(mloromoles per gram of dry matter)

Packaging and Three-Month Storage Condition
Air Vacuum Air Air

Food Bar Fresh (100*F) (100FF) (O-40"F) (40% R.H.,70-F)

Beef, low moisture 3.30 2.49 2.55 2.46 2.66

Bet-, high moisture 2.30 2.96 2.86 2.54 3.00
Beef, w/sorbitol 2.66 2.13 1.98 2.21 2.15
Beef, w/mono-,
diglycerides 3.18 3.09 2.07 2.17 2.55

Cereal, low moisture 0.44 0.52 0.53 0.49 0.53
Cereal, high moisture 0.52 0.65 0.70 0.68 0.56
Potato chips 3.64 3.08 2.63 3.34 2.67
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TABLE A-XX

EFFECT OF TMIF•-MONTHS' STOP•0E OTT TqEt A-iIt I, .... '7,:7rE177

OF COMPRESSED FOOD BARS

(milii-a&s amiro •itr•ogecn ;.r igram dryv mtte:r)

SPackaging and Three-Iflonth Storage Condition

Air Vacuum Air Air

Food Bar Fresh (100-F) (100-F) (0-40-F) (40-p Li.H.,;O-F)

"Beef, low moisture 5.50 4.59 4.90 f 4.98

Beef, high moisture 5.60 6.02 5.79 5.76 4.

Beef, w/sorbitol 5.18 5.62 5.40 5.31 4.87

Beef, w/mono-,
diglycerides 5.73 5.91 5.54 5.59 65.01

Dates, low moisture 0.13 0.21 0.23 0.19 0-57

Dates, high moisture 0.18 0.24 0.20 0.37 0.46

Dates, w/acetyl
glyceride coating 0.43 0.20 0.19 0.31 0.29

Peas, low moisture 4.13 7.28 8.35 7.70 7.75

Peas, high moisture 4.31 7.40 7.36 7.61 7.68

Cereal, low moisture 0.35 0.27 0.26 0.27 0.31

Cereal, high moisture 0.37 0.22 0.26 0.43 0.32

Nonfat milk solids 4.10 2.31 2.37 2.51 2.40

Potato chips 4.76 3.85 3.96 3.96 4.12
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TABLE A-XXI

EFFECT OF THREE-MONTHS' STORAGE ON TOIAL AEROBIC PLATE COUNT
OF COMPRESSED FOOD BARS

(organisms per gram)

Packaging and Three-Month Storage Condition
Air Vacuum Air Air

Food Bar- Fresh (100-F) (100-F) (Q-400.') (4-0% R.H., 70"F)

Beef, low moisture < 100 1100 100 < 100 < 100

Beef, high moisture 100 200 < 100 1,700 100

Beef, w/sorbitol 100 < 100 100 < 100 < 100
Beef, w/mono-,
diglycerides < 100 100 & 100 < 100 100

Dates, low moisture 5,500 2,000 3,700 6,400 11,300

Dates, high moisture 6,500 4,300 3,600 3,700 2,400
Dates, w/acetyl
glyceride coating 13,600 400 500 4,600 6,600

Peas, low moistu;-e 11,700 14,000 12,300 12,900 4,700
Peas, hign moisture 20,100 2,400 3,100 13,400 4,700

Cereal, low moisture 500 200 200 200 200
Cereal, high moisture 700 300 900 1,300 400
Nonfat milk solids 3,200 700 700 600 3,900
Potato chips 3,700 7,000 2,300 300 100
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""ABLE A-XXII

EFFECT OF 7REE-MO0ii3' STORAGE CX TI C0•IFCRO c:•CO.

OF COMPRESSED FOOD F.ARS

(organisms, per ram)

Air VaCuu-, Air AIi
Food Bar Rre sh (IOF (!A00O F 0 (c- 4u)(u <.'2i

0

Beef, low moisture 0 0 0 0

Beef, high moisture a 0 0 D0O 0
Beef, w/sorbitoi 6 0 0 0 0
Beef, w/mono-,
diglycerides 0 0 0 0 0

Dates, low moisture 0 0 2 50 0
Dates, high moisture 3 0 0 4 0
Dates, w/acetyl
glyceride coating 0 0 0 0 0

Peas, low moisture 3 2 2 10 0
Peas, high moisture 5 0 0 0 0
Cereal, low moisture 0 0 0 0 0
Cereal, high moisture 3 0 0 0 0
Nonfat milk solids 80 40 30 20 20
Potato chips 0 0 0 0 0
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TABLE A-XXIII

EFFECT OF T5REE-MOTH3' STORAGE ON THE ANAEROBIC SPORE COUNT
OF COTUTRESSED FOOD BARS

(organisr• per gram)

Packagilig and ThxLee-Mloth Storage Condi ion
Air Vacuum Air Air

Food Bar Fresh (iOOF) (iO0F) (0-400F) (40% R.H., 700F)

Beef, low moiisture 0 0 0 0 0
Beef, high moisture 13 0 0 0 0
Beef, w/sorbitol 0 0 0 0 0

Beef, w/rnono-,
diglycerides 0 0 0 0 0

Dates, low moisture 5 0 0 2 0
Dates, high moisture 38 28 0 4 0
Dates, w/acetyl
glyceride coating 3 0 0 0 0

Peas, low moisture 9 0 0 0 0
Peas, high moisture 0 0 0 0 0
Cereal, low moisture 5 0 0 0 0
Cereal, high moisture 4 0 8 0 0
Nonfat milk solids 55 94 44 42 82
Potato chips 0 0 0 0 0
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TA -)LE A GE ")V

35.871 99'" , TH.•IeJ-X:OUZS ' STOR4AG E on OXYGEl, UPA,2:

S'O.P•irVED FOOD 2AUW,

-, .-, - - 00 -n -

""B'e mi matter, iO-fi-5 ut C d)

P .% : 'r~ir", .and Thrce4-.:nth S+:},.,. 7o.- fi •

Air Va cu~um- Air: Al :.'

Beef. imr..::oi-trm-", ti17 200 276 505 639
Beef, hitz rji staure 22,0 5 97 536 704 080

Beef, w/s2rcitol 7" 245 26a 415 624

Beef,wi/rjf-C

d iglyc is 79 220 285 395 615

Datýcs, i. ajsture 10C 202 319 I1! 160

Dates. hi rj istu..c( 197 - - 275 _08
Dates,' w/1A, -;tyl

glyceride coating 710 2052 294 -

Peas, low moistus* L" 580 452 563 576 482

Peas, high moisturu* 510 515 546 576 638

Cereal, low moj.sturc** 257 187 197 173 276

Cereal, high .oisture** 409 251 317 326 256

Nonfat milk solids 281 288 288 278 232
Potato ehis '254 209 261 204 226

* Based on avcruge uptake over an eight-day experimental period.

** Based on average uptake over a seven-day experimental period.
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APPENDIX B

FOOD BAR INGREDIENTS
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Freezc- -dec -dri _d c - , - , purchccd fro W l -- .. T -.

Prudential Pln ,hi 1.• 1 111. Produrt t<

tions cited in Quartcrrxavtc Corns, LiP DES C-182-62, 0 ½n

Dehvdr'at,_:d chic&'-. b:tt , u Uh Ldf2& ,..i i _g7 .< , .

Sorbitol, manufactured by Atlas Chemical ind., L-C., Wil jt , .

Mono- and diglycerides, Atmul £4, manufactured by Atlas Cherm4 cl cal d.,
Inc., Wilmington, Del.

Pitted Sair dates, purchased from S. W. Noggle Co., 4"6 West 5th St.,

Kansas City, Mo.

Acetyl glycerides, Myvacet 9-40 and Myvacet 5-00, mranufactured by

Distillation Prodi.cts, Inc., Rochester, N.Y.

Cooked, freeze-dried peas, purchased from California Vegetable

Concentrates, Inc., 7C5 Whitmore Ave., Modesto, Calif.

Cornflakes, manufactured by W. K. Kellogg Co., Battle Creek, Mich.

Shortening, coconut butter flake, purchased from S. W. Noggle Co.,

4-36 West 5th St., Kansas City, Mo.

Sugar, manufacared by California and Hawaiian Refining Corp.,

San Francisco, Calif.

Nonfat milk solids, purchased from Kraft Foods, Inc., 1504 Burlington

Ave., Kansas City, Mo.

Potato chips, purchased from Kitty Clover Potato Chip Co., 817 Westport

Rd., Kansas City, Mo.
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